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(54) METHOD FOR PRODUCING CARBON MATERIAL COMPLEX

(57) Provided is a method of simply producing
high-quality graphite oxide. The present invention relates
to a method of producing a carbon material composite
containing graphite oxide and at least one surfactant se-
lected from the group consisting of a nonionic surfactant,
a cationic surfactant, and an amphoteric surfactant, the
method including: oxidizing graphite; mixing an aqueous

dispersion obtained through the oxidizing, the aqueous
dispersion containing graphite oxide dispersed therein,
and the at least one surfactant selected from the group
consisting of a nonionic surfactant, a cationic surfactant,
and an amphoteric surfactant; and purifying the carbon
material composite.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method of
producing a carbon material composite. Specifically, the
present invention relates to a method of producing a car-
bon material composite that is suitable for catalysts, elec-
trode active materials for cells and capacitors, thermoe-
lectric conversion materials, conductive materials, light-
emitting materials, additives for lubricants, additives for
polymers (resin), permeable membrane materials, anti-
microbial materials, water-repellent materials, and ad-
sorption materials.

BACKGROUND ART

[0002] Carbon materials have good properties such as
hardness, and are used in various fields such as semi-
conductors, cells, automobiles, information and commu-
nications, and industrial equipment.
[0003] Graphite oxide, a type of carbon material, pro-
vided with an oxygen-containing functional group is pre-
pared by oxidizing graphite, which has a layered structure
in which carbon atoms are bonded to each other through
sp2 bonding and arranged in planes. Many studies have
been conducted on graphite oxide for its unique structure
and properties. Graphite oxide is expected to be used
for various applications such as catalysts, electrode ac-
tive materials for cells and capacitors, thermoelectric
conversion materials, conductive materials, light-emit-
ting materials, additives for lubricants, additives for pol-
ymers, permeable membrane materials, antimicrobial
materials, water-repellent materials, and adsorption ma-
terials.
[0004] A known usual method of producing graphite
oxide is a method in which graphite oxide is synthesized
by reacting graphite with a strong oxidant in an acid sol-
vent. Non-Patent Literature 1 discloses the Hummers
method in which sulfuric acid and potassium permanga-
nate are used as oxidants. Other known methods of pro-
ducing graphite oxide include, for example, the Brodie
method in which nitric acid and potassium chlorate are
used and the Staudenmaier method in which sulfuric ac-
id, nitric acid, and potassium chlorate are used as oxi-
dants.
[0005] For example, Patent Literature 1 discloses a
method of producing a graphite oxide derivative includ-
ing: between oxidation of graphite and preparation of a
graphite oxide derivative, adding a solvent having a sol-
ubility in water of 0.01% or higher and not arbitrarily mis-
cible with water to a reaction solution containing graphite
oxide obtained through the oxidation; and then separat-
ing a graphite oxide-containing composition.
[0006] Patent Literature 2 discloses an aggregate of a
composite including purified graphene oxide (graphite
oxide) and cationic lipid. Non-Patent Literature 2 disclos-
es that to prepare a graphite oxide dispersion in which

graphite oxide is well dispersed, purified and dried graph-
ite oxide powder is dispersed in deionized water to pre-
pare a dispersion, a low-molecular-weight polyethylene
glycol is added to the dispersion, and the dispersion is
subjected to ultrasonication. Further, Non-Patent Litera-
ture 3 discloses that graphene oxide (graphite oxide) is
modified with a specific amine oxide. Non-Patent Litera-
ture 4 discloses that an aqueous solution of a specific
betaine is added to a suspension of graphene oxide.

CITATION LIST

- Patent Literature

[0007]

Patent Literature 1: WO 2017/082263
Patent Literature 2: JP 2012-153590 A

- Non-Patent Literature

[0008]

Non-Patent Literature 1: William S. Hummers, et al.,
J. Am. Chem. Soc., 1958, 80, 1339.
Non-Patent Literature 2: Vineet Dua, et al., Angew.
Chem. Int. Ed. 2010, 49, 1-5
Non-Patent Literature 3: Wensheng Gao, et al., RSC
Adv. 2017, 7, 31085-31092
Non-Patent Literature 4: Zonghua Wang, et al., Elec-
trochimica Acta 160 (2015) 288-295

SUMMARY OF INVENTION

- Technical Problem

[0009] As described above, there are various known
methods of producing graphite oxide, which is a type of
carbon material. A common method of producing graph-
ite oxide includes preparing graphite oxide through oxi-
dation and then purifying the graphite oxide from the re-
action solution usually by repetition of centrifugation or
filtration of the reaction solution. However, the former
treatment causes complication of the process and an in-
crease in liquid waste, and the latter treatment tends to
cause clogging of a filter. The purifying in either case
takes time, leading to an increase in cost. Thus, the meth-
od of producing graphite oxide has room for improvement
in terms of efficient production. Particularly in Patent Lit-
erature 2, a composite is presupposed to be obtained by
allowing a cationic lipid to act on purified graphite oxide.
Thus, purification is necessary to prepare the composite,
leading to an increase in cost in industrial implementa-
tion. On the other hand, the method described in Patent
Literature 1 enables efficient separation of graphite oxide
by liquid-liquid separation of a water phase and an or-
ganic phase, and can simply produce high-quality graph-
ite oxide. In industrial production of graphite oxide, more
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efficient separation of graphite oxide, particularly filtra-
tion, has still been strongly desired for more simple pro-
duction of high-quality graphite oxide.
[0010] The present invention has been made in view
of the state of the art, and aims to provide a method of
simply producing high-quality graphite oxide.

- Solution to Problem

[0011] The present inventors have conducted various
studies on methods of more simply producing high-qual-
ity graphite oxide and found, with respect to purification
of graphite oxide from an aqueous dispersion obtained
through oxidation, the aqueous dispersion containing
graphite oxide dispersed therein, a method including:
mixing the aqueous dispersion and at least one sur-
factant selected from the group consisting of a nonionic
surfactant, a cationic surfactant, and an amphoteric sur-
factant; and purifying a carbon material composite con-
taining the graphite oxide and the at least one surfactant
selected from the group consisting of a nonionic sur-
factant, a cationic surfactant, and an amphoteric sur-
factant. According to the method, the carbon material
composite aggregates by the action of the at least one
surfactant even in the presence of residual acids in the
aqueous dispersion to produce less dispersible large ag-
gregates. Such aggregates are less likely to cause clog-
ging of the filter when the aqueous dispersion is filtered,
for example. Thereby, the duration of the purifying can
be greatly reduced and acids can be sufficiently removed.
Thus, the carbon material composite can be purified very
efficiently. The reason for this is considered as follows
according to the latest knowledge of the present inven-
tors.
[0012] First, the action that the carbon material com-
posite aggregates by the action of a nonionic surfactant
even in the presence of residual acids is described.
Graphite oxide undergoes ionization of an acid group and
is weakly acidic in water, while it does not undergo ioni-
zation of an acid group and is neutral in the presence of
a strong acid such as sulfuric acid. When the aqueous
dispersion obtained through oxidation, the aqueous dis-
persion containing graphite oxide dispersed therein, is
mixed with a nonionic surfactant, the graphite oxide hy-
drophobically interacts with the nonionic surfactant so
that they aggregate together as a carbon material com-
posite containing the nonionic surfactant and the graphite
oxide. Owing to the nonionic surfactant, which has a weak
aggregating force, the carbon material composite does
not aggregate very strongly. Thus, water can enter the
aggregates and wash away the sulfuric acid. Further, the
carbon material composite not so strongly aggregating
easily disaggregates through exfoliation, and can be re-
dispersed in a dispersion medium. Hereinafter, an aspect
relating to the carbon material composite containing a
nonionic surfactant and graphite oxide is also referred to
as a first aspect of the present invention.
[0013] Next, the action that the carbon material com-

posite aggregates by the action of a cationic surfactant
even in the presence of residual acids is described. When
the aqueous dispersion obtained through oxidation, the
aqueous dispersion containing graphite oxide dispersed
therein, is mixed with a cationic surfactant, the graphite
oxide and the cationic surfactant interact with each other,
specifically, a cation-exchange reaction of the graphite
oxide occurs. Thereby, the graphite oxide is hydropho-
bized to aggregate as a carbon material composite con-
taining the cationic surfactant and the graphite oxide. As
a result, the carbon material composite can be easily
separated from water-soluble impurities such as acids
and salts. The cation-exchange reaction is found to occur
effectively even in the system containing strong acids
such as sulfuric acid. In other words, unlike the invention
described in Patent Literature 2, impurities can be simply
removed by mixing the aqueous dispersion (reaction so-
lution) after the oxidation with a cationic surfactant. Here-
inafter, an aspect relating to the carbon material com-
posite containing a cationic surfactant and graphite ox-
ide, and optionally a different surfactant is also referred
to as a second aspect of the present invention.
[0014] Furthermore, the action that the carbon material
composite aggregates by the action of an amphoteric
surfactant even in the presence of residual acids is de-
scribed. When the aqueous dispersion obtained through
oxidation, the aqueous dispersion containing graphite
oxide dispersed therein, is mixed with an amphoteric sur-
factant, the graphite oxide interacts with the amphoteric
surfactant so that they aggregate together as a carbon
material composite containing the amphoteric surfactant
and the graphite oxide. Such a carbon material compos-
ite can be easily separated from water-soluble impurities
such as acids and salts. In other words, impurities can
be simply removed by mixing the aqueous dispersion
(reaction solution) after the oxidation with an amphoteric
surfactant. Hereinafter, an aspect relating to the carbon
material composite containing an amphoteric surfactant
and graphite oxide, and optionally a different surfactant
is also referred to as a third aspect of the present inven-
tion.
[0015] The present inventors found that the production
method can simply produce a high-quality carbon mate-
rial composite at low cost and that the method markedly
achieves such effects particularly when it is applied to
industrial production of carbon material composites.
Thus, they arrived at an admirable solution to the prob-
lem, completing the present invention.
[0016] The present inventors also found that each car-
bon material composite obtained through the oxidation,
the mixing, and the purification can be suitably exfoliated
into layers in a dispersion medium.
[0017] For example, the present inventors found that
the carbon material composite obtained through mixing
of a cationic surfactant can be suitably exfoliated into
layers in an organic dispersion medium. The reason for
this is considered as follows. Surfaces of the graphite
oxide modified with a cationic surfactant become hydro-
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phobic and highly interact with an organic dispersion me-
dium having hydrophobic sites. Thus, the carbon material
composite containing the cationic surfactant and the
graphite oxide can be dispersed in an organic dispersion
medium, and the graphite oxide can be exfoliated into
layers.
[0018] The present inventors also found a method in-
cluding: mixing a cationic surfactant, a nonionic sur-
factant, and an aqueous dispersion obtained through ox-
idation, the aqueous dispersion containing graphite oxide
dispersed therein; and purifying a carbon material com-
posite containing the nonionic surfactant, the cationic
surfactant, and the graphite oxide. According to the meth-
od, the carbon material composite aggregates by the ac-
tion of the nonionic surfactant and the cationic surfactant
even in the presence of residual acids in the aqueous
dispersion to produce less dispersible large aggregates.
Such aggregates are less likely to cause clogging of the
filter when the aqueous dispersion is filtered, for example.
Thereby, the duration of purifying can be greatly reduced
and acids can be sufficiently removed. Thus, the carbon
material composite can be purified very efficiently. The
present inventors also found that with addition of a cati-
onic surfactant as a single surfactant, the graphite oxide
is highly hydrophobic and is suitably exfoliated into layers
in an organic dispersion medium, while with simultane-
ous addition of a cationic surfactant and a nonionic sur-
factant, the hydrophobicity can be controlled, and the
graphite oxide is particularly suitably exfoliated into lay-
ers in a highly polar dispersion medium such as water.
The reason for this is considered as follows. The nonionic
surfactant, which has a weak aggregating force, does
not aggregate the carbon material composite so strongly,
and the carbon material composite easily disaggregates
through exfoliation even in a highly polar dispersion me-
dium and can be redispersed in a dispersion medium. In
other words, the use of a nonionic surfactant in combi-
nation with a cationic surfactant enables the control of
the dispersibility. The present inventors also found that
a cationic surfactant having a highly polar hydrophilic
group (a cationizable group) such as a quaternary am-
monium salt group and a relatively poorly polar hy-
drophilic group such as a polyoxyalkylene group enables
control of the degrees of hydrophilicity and polarity. Thus,
the present inventors found that the use of the cationic
surfactant as a single surfactant can achieve the same
effects as those achieved by the use of a cationic sur-
factant and a nonionic surfactant in combination.
[0019] The present inventors also found that the car-
bon material composite obtained through mixing of an
amphoteric surfactant can be suitably exfoliated into lay-
ers in a specific organic dispersion medium. The reason
for this is considered as follows. When surfaces of the
graphite oxide are modified with amphoteric surfactants,
hydrophobic groups and anionizable groups are directed
to a surface side of the graphite oxide as described later.
The graphite oxide highly interacts with a relatively highly
polar organic dispersion medium. Thus, the carbon ma-

terial composite containing the amphoteric surfactant
and the graphite oxide can be dispersed in the organic
dispersion medium, and the graphite oxide can be exfo-
liated into layers.
[0020] The present inventors found that such a method
can simply produce a high-quality carbon material com-
posite at low cost.
[0021] The present inventors also found a method in-
cluding: mixing an amphoteric surfactant, a nonionic sur-
factant, and an aqueous dispersion obtained through ox-
idation, the aqueous dispersion containing graphite oxide
dispersed therein; and purifying a carbon material com-
posite containing the nonionic surfactant, the amphoteric
surfactant, and the graphite oxide. According to the meth-
od, the carbon material composite aggregates by the ac-
tion of the nonionic surfactant and the amphoteric sur-
factant even in the presence of residual acids in the aque-
ous dispersion to produce less dispersible large aggre-
gates. Such aggregates are less likely to cause clogging
of the filter when the aqueous dispersion is filtered, for
example. Thereby, the duration of purifying can be great-
ly reduced and acids can be sufficiently removed. Thus,
the carbon material composite can be purified very effi-
ciently. The present inventors also found that with addi-
tion of an amphoteric surfactant as a single surfactant,
the graphite oxide is suitably exfoliated particularly in a
relatively highly polar organic solvent, while with simul-
taneous addition of an amphoteric surfactant and a no-
nionic surfactant, the polarity and hydrophobicity can be
controlled, and the graphite oxide is particularly suitably
exfoliated into layers in a highly polar dispersion medium
such as water or methanol. The reason for this is con-
sidered as follows. The nonionic surfactant, which has a
weak aggregating force, does not aggregate the carbon
material composite so strongly, and the carbon material
composite easily disaggregates through exfoliation even
in a highly polar dispersion medium, and can be redis-
persed in a dispersion medium. In other words, the use
of a nonionic surfactant in combination with an ampho-
teric surfactant enables the control of the dispersibility.
[0022] The present inventors also found a method in-
cluding: mixing an amphoteric surfactant, a cationic sur-
factant, and an aqueous dispersion obtained through ox-
idation, the aqueous dispersion containing graphite oxide
dispersed therein; and purifying a carbon material com-
posite containing the cationic surfactant, the amphoteric
surfactant, and the graphite oxide. According to the meth-
od, the carbon material composite aggregates by the ac-
tion of the cationic surfactant and the amphoteric sur-
factant even in the presence of residual acids in the aque-
ous dispersion to produce less dispersible large aggre-
gates. Such aggregates are less likely to cause clogging
of the filter when the aqueous dispersion is filtered, for
example. Thereby, the duration of purifying can be great-
ly reduced and acids can be sufficiently removed. Thus,
the carbon material composite can be purified very effi-
ciently. The present inventors also found that with addi-
tion of an amphoteric surfactant as a single surfactant,

5 6 



EP 3 786 111 A1

5

5

10

15

20

25

30

35

40

45

50

55

the graphite oxide is suitably exfoliated particularly in a
relatively highly polar organic solvent, while with simul-
taneous addition of an amphoteric surfactant and a cat-
ionic surfactant, the polarity and hydrophobicity can be
controlled, and the graphite oxide is particularly suitably
exfoliated into layers in a moderately polar dispersion
medium such as a higher alcohol having about 4 to 12
carbon atoms.
[0023] The present inventors also found that a method
including mixing an amphoteric surfactant, a nonionic
surfactant, a cationic surfactant, and an aqueous disper-
sion obtained through oxidation, the aqueous dispersion
containing graphite oxide dispersed therein, where the
amphoteric surfactant, the nonionic surfactant, and the
cationic surfactant are mixed in various ratios, can control
the polarity and hydrophobicity of the carbon material
composite owing to the above-described properties. For
example, they found that the above combination is par-
ticularly suitable for exfoliation in an acyclic ester disper-
sion medium which is not particularly suitable for an am-
photeric surfactant as a single surfactant, the combina-
tion of an amphoteric surfactant and a nonionic sur-
factant, and the combination of an amphoteric surfactant
and a cationic surfactant. In other words, the use of an
amphoteric surfactant, a nonionic surfactant, and a cat-
ionic surfactant mixed in various ratios enables the ex-
foliation in various solvents such as solvents having var-
ious functional groups, in particular, hydrophobic sol-
vents, hydrophilic solvents, amphiphilic solvents, low-
boiling point solvents, and high-boiling point solvents.
Further, the dispersions of various solvents can be pre-
pared.
[0024] The present inventors also found that an am-
photeric surfactant having the following groups can con-
trol the degrees of hydrophobicity and polarity: a group
substantially cationizable in an aqueous dispersion ob-
tained through oxidation, the aqueous dispersion con-
taining graphite oxide dispersed therein (a cationizable
group), such as a quaternary ammonium salt group; a
group substantially anionizable in the aqueous disper-
sion obtained through oxidation, the aqueous dispersion
containing graphite oxide dispersed therein (an anioniz-
able group), such as a carboxylic acid (salt) group, a sul-
fonic acid (salt) group, or a phosphoric acid (salt) group;
and in addition, a relatively poorly polar hydrophilic group
such as a polyoxyalkylene group. They also found that
the use of a specific amphoteric surfactant as a single
surfactant can achieve the same effects as those
achieved by the use of an amphoteric surfactant and a
nonionic surfactant in combination.
[0025] That is, the present invention relates to a meth-
od of producing a carbon material composite containing
graphite oxide and at least one surfactant selected from
the group consisting of a nonionic surfactant, a cationic
surfactant, and an amphoteric surfactant, the method in-
cluding:

oxidizing graphite;

mixing an aqueous dispersion obtained through the
oxidizing, the aqueous dispersion containing graph-
ite oxide dispersed therein, and the at least one sur-
factant selected from the group consisting of a non-
ionic surfactant, a cationic surfactant, and an am-
photeric surfactant; and
purifying the carbon material composite.

[0026] In a preferred embodiment of the method of pro-
ducing a carbon material composite of the present inven-
tion, the purifying includes purifying the carbon material
composite by at least one technique selected from the
group consisting of filtration, decantation, centrifugation,
and solvent extraction.
[0027] In another preferred embodiment of the method
of producing a carbon material composite of the present
invention, the mixing includes mixing the aqueous dis-
persion, the cationic surfactant, and the nonionic sur-
factant or mixing the aqueous dispersion, the amphoteric
surfactant, and the nonionic surfactant and/or the cationic
surfactant. In other words, in a preferred embodiment of
the method of producing a carbon material composite of
the present invention, the mixing includes mixing at least
two surfactants selected from the group consisting of a
nonionic surfactant, a cationic surfactant, and an ampho-
teric surfactant.
[0028] In still another preferred embodiment of the
method of producing a carbon material composite of the
present invention, the cationic surfactant has a cationiz-
able group and a hydrophilic group with a lower polarity
than the cationizable group.
[0029] In still another preferred embodiment of the
method of producing a carbon material composite of the
present invention, the amphoteric surfactant has a cati-
onizable group, an anionizable group, and a hydrophilic
group with a lower polarity than the cationizable group
or the anionizable group.

- Advantageous Effects of Invention

[0030] The method of producing a carbon material
composite of the present invention can simply provide a
high-quality carbon material composite at low cost. The
carbon material composite obtained can be dispersed in
a dispersion medium very well. Optionally, the polarity
and hydrophobicity of the carbon material composite can
be controlled using an appropriate combination of any of
the surfactants in the present invention. The carbon ma-
terial composite thus obtained can be suitably dispersed
or exfoliated in a dispersion medium appropriate for the
application. For example, a carbon material composite
containing a cationic surfactant, a nonionic surfactant,
and graphite oxide or a carbon material composite con-
taining a cationic surfactant and graphite oxide, where
the cationic surfactant has a cationizable group and a
hydrophilic group with a lower polarity than the cationiz-
able group, is suitably exfoliated into layers even when
it is dispersed in a highly polar dispersion medium such
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as water. Further, a carbon material composite contain-
ing a nonionic surfactant and/or a cationic surfactant, an
amphoteric surfactant, and graphite oxide can be suitably
exfoliated into layers even when it is dispersed in a highly
polar dispersion medium such as water. The carbon ma-
terial composite obtained can be dispersed in a resin-
based dispersion medium very well. Owing to the above-
described effects, the carbon material composite can be
dispersed very well not only in a common aqueous sol-
vent and an organic solvent but also in a resin-based
dispersion medium such as a resin precursor monomer.
Similarly, optionally, the polarity and hydrophobicity of
the carbon material composite can be controlled using
an appropriate combination of any of the surfactants in
the present invention. The carbon material composite
thus obtained can be suitably dispersed in a resin-based
dispersion medium appropriate for the application.

DESCRIPTION OF EMBODIMENTS

[0031] The present invention is described in detail be-
low.
[0032] The following describes preferred features of
the present invention in the respective paragraphs, and
the embodiments of any combinations of two or more of
the preferred features are also preferred embodiments
of the present invention.
[0033] Herein, for example, any combination of two or
more of the following preferred embodiments of the first
aspect of the present invention, the second aspect of the
present invention, and the third aspect of the present
invention is also a preferred embodiment of the present
invention.
[0034] Unless otherwise specified, "the present inven-
tion" refers to a combination of any of the first aspect of
the present invention, the second aspect of the present
invention, and the third aspect of the present invention.

<Method of producing carbon material composite>

[0035] In the method of producing a carbon material
composite of the present invention, the steps following
the oxidation may be performed in any order. The method
may optionally further include the below-described oxi-
dation reaction termination (quenching) as needed. The
oxidation reaction termination, the mixing, and the puri-
fying are particularly preferably performed in this order.
The method may further appropriately include purifying
the graphite oxide before the mixing. For example, op-
tional oxidation reaction termination, purification of the
graphite oxide, the mixing, and the purifying the carbon
material composite may be performed in this order. Al-
ternatively, purification may be performed during the mix-
ing as described below (for example, when a step of mix-
ing part of surfactants is referred to as first mixing and a
step of mixing the rest of the surfactants is referred to as
second mixing, the purifying may be performed between
the first mixing and the second mixing). After optional

oxidation reaction termination, the first mixing, the puri-
fying, and the second mixing may be performed in this
order.
[0036] The carbon material composite obtainable by
the method of producing a carbon material composite of
the present invention contains graphite oxide and at least
one surfactant selected from the group consisting of a
nonionic surfactant, a cationic surfactant, and an ampho-
teric surfactant.
[0037] In particular, in a preferred embodiment of the
carbon material composite obtainable by the method of
producing a carbon material composite of the present
invention, the carbon material composite contains a cat-
ionic surfactant, a nonionic surfactant, and graphite oxide
or contains an amphoteric surfactant, a nonionic sur-
factant and/or a cationic surfactant, and graphite oxide.
[0038] For example, a carbon material composite ob-
tainable by a method of producing a carbon material com-
posite according to the second aspect of the present in-
vention contains a cationic surfactant and graphite oxide,
and may optionally further contain a nonionic surfactant.
[0039] Further, a carbon material composite obtaina-
ble by a method of producing a carbon material compos-
ite according to the third aspect of the present invention
contains an amphoteric surfactant and graphite oxide,
and may optionally further contain a nonionic surfactant
and/or a cationic surfactant.
[0040] The graphite oxide is prepared by oxidizing a
graphitic carbon material such as graphene or graphite
to contain oxygen bonded thereto (oxygen is bonded to
the carbon material). The oxygen is present in the graph-
itic carbon material in the form of a substituent such as
a carboxyl, carbonyl, hydroxy, or epoxy group.
[0041] The graphite oxide is preferably graphene oxide
in which oxygen is bonded to the carbon of graphene.
[0042] Generally, graphene refers to a sheet in which
carbon atoms are bonded to each other through sp2

bonding and arranged in a planar single layer, and a lam-
inate of a large number of such graphene sheets refers
to graphite. The graphene oxide in the present invention
encompasses not only a sheet consisting of a single layer
of carbon atoms, but also a laminate of about 2 to 100
layers. The graphene oxide is preferably in the form of a
sheet consisting of a single layer of carbon atoms or in
the form of a laminate of about 2 to 20 layers.
[0043] Also, the graphite oxide may contain a function-
al group such as a sulfur-containing group or a nitrogen-
containing group, and the amount of carbon, hydrogen,
and oxygen contained as constituent elements is prefer-
ably 97 mol% or more, more preferably 99 mol% or more
of all the constituent elements. The graphite oxide still
more preferably consists of only carbon, hydrogen, and
oxygen as constituent elements.
[0044] First, the following describes first the mixing of
a surfactant and the aqueous dispersion obtained
through the oxidizing, the aqueous dispersion containing
graphite oxide dispersed therein, and then the purifying
the carbon material composite in the method of producing
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a carbon material composite of the present invention, in
this order. Here, the purification is described in the de-
scription of the mixing because the purification may be
performed during the mixing as described below (for ex-
ample, when a step of mixing part of surfactants is re-
ferred to as first mixing and a step of mixing the rest of
the surfactants is referred to as second mixing, the puri-
fication may be performed between the first mixing and
the second mixing). Subsequently, the exfoliation of the
graphite oxide in the carbon material composite purified
in the purification and the oxidation of graphite before the
purification are described.

(Mixing)

[0045] The production method of the present invention
includes mixing an aqueous dispersion obtained through
the oxidizing, the aqueous dispersion containing graphite
oxide dispersed therein, and at least one surfactant se-
lected from the group consisting of a nonionic surfactant,
a cationic surfactant, and an amphoteric surfactant.
[0046] In the mixing, the surfactant may be added to
the aqueous dispersion, the aqueous dispersion may be
added to the surfactant, or the aqueous dispersion and
the surfactant may be simultaneously added to a vessel.
[0047] The mixing herein may be performed by any
technique and can be appropriately performed by a
known technique. For example, it is preferably performed
by stirring or ultrasonication or using a known disperser
to homogeneously disperse solids.
[0048] In the present invention, the aqueous disper-
sion obtained through the oxidizing, the aqueous disper-
sion containing graphite oxide dispersed therein, may be
a reaction composition immediately after the oxidation or
may be a liquid prepared by removing sulfuric acid from
the reaction composition in the subsequent concentra-
tion or by adding water and/or hydrogen peroxide water
to the reaction composition in the oxidation reaction ter-
mination. For example, preferred is a liquid prepared by
adding water and/or hydrogen peroxide water to the re-
action composition in the oxidation reaction termination.
[0049] The aqueous dispersion has only to contain wa-
ter as a dispersion medium, and may further contain an
organic dispersion medium miscible with water. To easily
aggregate the carbon material composite, the aqueous
dispersion is preferably free from organic dispersion me-
dia.
[0050] Herein, the nonionic surfactant according to the
first aspect of the present invention is a compound that
is not substantially ionized in the aqueous dispersion ob-
tained through the oxidizing, the aqueous dispersion con-
taining graphite oxide dispersed therein, among those
having a hydrophobic group and a hydrophilic group, that
is, common surfactants.
[0051] The graphite oxide hydrophobically interacts
with the nonionic surfactant so that they aggregate to-
gether as a carbon material composite. This can lead to
efficient purification such as filtration, and thus can

achieve a reduction in cost of the production of the carbon
material composite.
[0052] Preferred examples of the hydrophobic group
of the nonionic surfactant include a hydrocarbon group
such as an aliphatic hydrocarbon group or an aromatic
hydrocarbon group. The number of carbon atoms of the
hydrocarbon group is preferably 3 or more, more prefer-
ably 4 or more, still more preferably 5 or more, still further
more preferably 6 or more, particularly preferably 9 or
more. The number of carbon atoms of the hydrocarbon
group is preferably 24 or less, for example. Preferred
examples of the hydrophilic group of the nonionic sur-
factant include an alkylene oxide group, an ether group,
an ester group, an amide group, and a hydroxy group.
The alkylene oxide group is more preferably an ethylene
oxide group.
[0053] Preferred examples of the nonionic surfactant
include polyoxyethylene alkyl ethers, polyoxyethylene
alkenyl ethers, polyoxyethylene alkyl phenyl ethers, high-
er fatty acid alkanolamides and adducts of ethylene oxide
therewith, sucrose fatty acid esters, alkyl glycoxydes, fat-
ty acid glycerol monoesters, alcohol ethoxylates, sorb-
itan esters, polyoxyethylene sorbitan esters, and deriv-
atives thereof. Each of these may be used alone or two
or more of these may be used in combination. Particularly
preferred examples of the nonionic surfactant include al-
cohol ethoxylates containing a hydroxy-terminated (-OH
group-terminated) (poly)ethylene glycol chain (e.g.,
SOFTANOL 50 and SOFTANOL 120 available from Nip-
pon Shokubai Co., Ltd.) and polyoxyethylene sorbitan
esters (e.g., NEWCOL 85 available from Nippon Nyuka-
zai Co., Ltd.).
[0054] Unless otherwise specified, when a nonionic
surfactant is used in the method of producing a carbon
material composite of the present invention, it may be
the same as the nonionic surfactant according to the first
aspect of the present invention.
[0055] In the mixing, the amount of the nonionic sur-
factant to be mixed with the aqueous dispersion may be
appropriately set. It is preferably 10 to 1000% by mass
per 100% by mass of the graphite oxide in the aqueous
dispersion. The amount of the nonionic surfactant is more
preferably 20 to 700% by mass, still more preferably 30
to 600% by mass, particularly preferably 40 to 500% by
mass per 100% by mass of the graphite oxide in the aque-
ous dispersion.
[0056] A preferred amount of sulfate ions, preferred
pH, and preferred water concentration of the aqueous
dispersion before mixing with the surfactant in a method
of producing a carbon material composite according to
the first aspect of the present invention are the same as
the preferred amount of sulfate ions, preferred pH, and
preferred water concentration of the aqueous dispersion
before mixing with the surfactant in the method of pro-
ducing a carbon material composite of the present inven-
tion as described below.
[0057] Herein, the cationic surfactant according to the
second aspect of the present invention is a compound

11 12 



EP 3 786 111 A1

8

5

10

15

20

25

30

35

40

45

50

55

that has a cationizable group as a hydrophilic group but
does not have an anionizable group among those having
a hydrophobic group and a hydrophilic group, that is,
common surfactants. In other words, the cationic sur-
factant is a compound substantially cationizable in the
aqueous dispersion obtained through the oxidizing, the
aqueous dispersion containing graphite oxide dispersed
therein.
[0058] The graphite oxide interacts with the cationic
surfactant. Thereby, the graphite oxide has a hydropho-
bic surface, highly interacts with an organic dispersion
medium, and can be exfoliated into layers.
[0059] Preferred examples of the hydrophobic group
of the cationic surfactant include a hydrocarbon group
such as an aliphatic hydrocarbon group or an aromatic
hydrocarbon group. The number of carbon atoms of the
hydrocarbon group is preferably 3 or more, more prefer-
ably 4 or more, still more preferably 5 or more, still further
more preferably 6 or more, particularly preferably 9 or
more. The number of carbon atoms of the hydrocarbon
group is preferably 24 or less, for example. The hy-
drophilic group of the cationic surfactant is preferably a
group that is substantially cationizable in the aqueous
dispersion obtained through the oxidizing, the aqueous
dispersion containing graphite oxide dispersed therein
(herein, the group is also referred to as a cationizable
group). Preferred examples of the cationizable group in-
clude a quaternary ammonium salt group, a pyridinium
salt group, and an amine group. The number of types of
each of the hydrophobic group and the hydrophilic group
is not limited to one. For example, the cationic surfactant
may further have as a hydrophilic group a relatively poorly
polar functional group (poorly polar hydrophilic group)
such as a polyoxyalkylene group (e.g., a polyoxyethylene
group, a polyoxypropylene group), an ether group, an
ester group, or a hydroxy group, as well as a cationizable
group (highly polar hydrophilic group) such as a quater-
nary ammonium salt group, a pyridinium salt group, or
an amine group, in one molecule. The use of the cationic
surfactant having a cationizable group and a hydrophilic
group with a lower polarity than the cationizable group
can control the degrees of hydrophilicity and polarity.
Thus, the use of only one type of molecule (the cationic
surfactant as a single surfactant) can achieve the same
effects as those achieved by the use of the cationic sur-
factant and the nonionic surfactant in combination. In oth-
er words, the cationic surfactant preferably has a cation-
izable group and a hydrophilic group with a lower polarity
than the cationizable group. The hydrophilic group with
a lower polarity than the cationizable group is preferably
a polyoxyalkylene group containing a C2-C3 alkylene
group.
[0060] Preferred examples of the cationic surfactant
include quaternary ammonium salts such as a benzalko-
nium salt, a tributylmethylammonium salt, a dimethyldi-
stearylammonium salt, a trimethylstearylammonium salt,
a benzyltributylammonium salt, and a tris(polyoxy-
alkylene)dodecylammonium salt (e.g., Texnol L7 availa-

ble from Nippon Nyukazai Co., Ltd.); pyridinium salts
such as a lauryl (dodecyl)pyridinium salt and a cetyl py-
ridinium salt; fatty acid amide amines such as stearamide
propyl dimethylamine and stearamide ethyl diethyl-
amine; alkyl ether amines such as stearoxypropyl
dimethylamine; polyoxyethylene alkylamines; and alkyl
imidazolines. Each of these may be used alone or two
or more of these may be used in combination. Preferred
among these cationic surfactants are quaternary ammo-
nium salts and pyridinium salts. The quaternary ammo-
nium salts and the pyridinium salts are preferably halides
or hydroxides. The halides are preferably chlorides.
[0061] Unless otherwise specified, when a cationic
surfactant is used in the method of producing a carbon
material composite of the present invention, it may be
the same as the cationic surfactant according to the sec-
ond aspect of the present invention.
[0062] In the mixing, the amount of the cationic sur-
factant to be mixed with the aqueous dispersion contain-
ing graphite oxide dispersed therein may be appropriate-
ly set. It is preferably 10 to 1000% by mass per 100% by
mass of the graphite oxide dispersed in the aqueous dis-
persion. The amount of the cationic surfactant is more
preferably 20 to 700% by mass, still more preferably 25
to 600% by mass, particularly preferably 30 to 500% by
mass per 100% by mass of the graphite oxide dispersed
in the aqueous dispersion.
[0063] In the production method of the second aspect
of the present invention, the mixing preferably further in-
cludes mixing a nonionic surfactant. Thereby, as de-
scribed above, the duration of purification can be further
reduced and acids can be sufficiently removed in the sub-
sequent purification. Thus, the carbon material compos-
ite can be purified very efficiently. Also, the graphite oxide
in the carbon material composite can be exfoliated into
layers even in the aqueous dispersion medium.
[0064] When the mixing further includes mixing a no-
nionic surfactant, the materials may be mixed in any or-
der. For example, the mixing may include first mixing of
mixing a nonionic surfactant and the aqueous dispersion
obtained through the oxidizing, the aqueous dispersion
containing graphite oxide dispersed therein, and second
mixing of mixing a cationic surfactant and the aqueous
dispersion containing graphite oxide and the nonionic
surfactant dispersed therein. Alternatively, a nonionic
surfactant and a cationic surfactant may be simultane-
ously mixed with the aqueous dispersion obtained
through the oxidizing, the aqueous dispersion containing
graphite oxide dispersed therein.
[0065] During the mixing, purification may be per-
formed. In other words, when a step of mixing part of the
surfactants is referred to as first mixing and a step of
mixing the rest of the surfactants is referred to as second
mixing, the purification may be performed between the
first mixing and the second mixing. For example, when
the mixing includes the first mixing of mixing a nonionic
surfactant and the aqueous dispersion obtained through
the oxidizing, the aqueous dispersion containing graphite
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oxide dispersed therein, and the second mixing of mixing
a cationic surfactant and the aqueous dispersion con-
taining the nonionic surfactant and graphite oxide dis-
persed therein, the carbon material composite containing
the nonionic surfactant and graphite oxide may be puri-
fied from the liquid mixture obtained in the first mixing
between the first mixing and the second mixing. In this
way, sulfuric acid may be sufficiently washed away be-
tween the first mixing and the second mixing in advance.
Thereby, in the subsequent second mixing, the acid
groups of the graphite oxide are ionized and the graphite
oxide more strongly interacts with the cationic surfactant.
As a result, the effect of exfoliating the graphite oxide
into layers in an organic dispersion medium is markedly
achieved. Alternatively, between the first mixing and the
second mixing, the carbon material composite may be
purified by, for example, at least one technique selected
from the group consisting of filtration, decantation, cen-
trifugation, and solvent extraction and then may be fur-
ther washed with water as needed. The purification is
described in detail after the description of the mixing.
[0066] In the first mixing, a nonionic surfactant may be
added to the aqueous dispersion, the aqueous dispersion
may be added to the nonionic surfactant, or the aqueous
dispersion and the nonionic surfactant may be simulta-
neously added to a vessel. The same is applied to the
second mixing. Specifically, the cationic surfactant may
be added to the aqueous dispersion, the aqueous dis-
persion may be added to the cationic surfactant, or the
aqueous dispersion and the cationic surfactant may be
simultaneously added to a vessel.
[0067] When the nonionic surfactant and the cationic
surfactant are simultaneously mixed with the aqueous
dispersion obtained through the oxidizing, the aqueous
dispersion containing graphite oxide dispersed therein,
for example, the nonionic surfactant and the cationic sur-
factant may be simultaneously added to the aqueous dis-
persion, or alternatively, the aqueous dispersion, the no-
nionic surfactant, and the cationic surfactant may be si-
multaneously added to a vessel.
[0068] The nonionic surfactant is the same as the no-
nionic surfactant according to the first aspect of the
present invention.
[0069] The graphite oxide hydrophobically interacts
with the nonionic surfactant so that they aggregate to-
gether. This can lead to efficient purification such as fil-
tration, and thus can achieve a reduction in cost of the
production of the carbon material composite.
[0070] In the mixing, the amount of the nonionic sur-
factant to be mixed with the aqueous dispersion may be
appropriately set. It is preferably 10 to 1000% by mass
per 100% by mass of the graphite oxide in the aqueous
dispersion. The amount of the nonionic surfactant is more
preferably 20 to 700% by mass, still more preferably 30
to 600% by mass, particularly preferably 40 to 500% by
mass per 100% by mass of the graphite oxide in the aque-
ous dispersion.
[0071] A preferred amount of sulfate ions, preferred

pH, and preferred water concentration of the aqueous
dispersion before mixing with the surfactants in the meth-
od of producing a carbon material composite according
to the second aspect of the present invention are the
same as the preferred amount of sulfate ions, preferred
pH, and preferred water concentration of the aqueous
dispersion before mixing with the surfactants in the meth-
od of producing a carbon material composite of the
present invention as described below.
[0072] When the mixing further includes mixing a no-
nionic surfactant in the method of producing a carbon
material composite according to the second aspect of
the present invention, an unexpected effect is expressed
that the graphite oxide interacts with the nonionic sur-
factant so that they aggregate together in the presence
of a strong acid such as sulfuric acid that has been used
in the oxidation or the like, more markedly achieving the
effects of the present invention.
[0073] As described above, the purification may be
performed during the mixing. For example, when the pro-
duction method of the second aspect of the present in-
vention includes the first mixing of mixing a nonionic sur-
factant and the aqueous dispersion obtained through the
oxidizing, the aqueous dispersion containing graphite ox-
ide dispersed therein, and the second mixing of mixing
a cationic surfactant and the aqueous dispersion con-
taining graphite oxide and the nonionic surfactant dis-
persed therein, the liquid mixture obtained in the first mix-
ing may be purified between the first mixing and the sec-
ond mixing as described above. Thereby, in the subse-
quent second mixing, the graphite oxide more strongly
interacts with the cationic surfactant. For example, the
aqueous dispersion containing the nonionic surfactant
and graphite oxide dispersed therein preferably contains
10% by mass or less of sulfate ions relative to 100% by
mass of the aqueous dispersion. The amount of sulfate
ions is more preferably 5% by mass or less, still more
preferably 1% by mass or less, particularly preferably
0.1% by mass or less. The lower limit of the amount of
sulfate ions is not limited and may be 0% by mass.
[0074] The aqueous dispersion containing the nonion-
ic surfactant and graphite oxide dispersed therein pref-
erably has a pH of 2 to 10, more preferably 9 or less, still
more preferably 8 or less.
[0075] In the method of producing a carbon material
composite according to the second aspect of the present
invention, the aqueous dispersion containing the noni-
onic surfactant and graphite oxide dispersed therein pref-
erably has a water concentration of 20% by mass or high-
er relative to 100% by mass of the aqueous dispersion.
[0076] The water concentration is more preferably
25% by mass or higher, still more preferably 30% by mass
or higher, particularly preferably 35% by mass or higher.
[0077] The water concentration is, for example, pref-
erably 99% by mass or lower, more preferably 95% by
mass or lower.
[0078] In the mixing, first, the aqueous dispersion ob-
tained through the oxidizing, the aqueous dispersion con-
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taining graphite oxide dispersed therein, may be mixed
with a cationic surfactant, followed by mixing with a no-
nionic surfactant. Preferred embodiments of this case
are the same as those of the case where, in the mixing,
the aqueous dispersion obtained through the oxidizing,
the aqueous dispersion containing graphite oxide dis-
persed therein, is first mixed with a nonionic surfactant,
followed by mixing with a cationic surfactant.
[0079] Herein, the amphoteric surfactant according to
the third aspect of the present invention is a compound
that has a cationizable group and an anionizable group
as hydrophilic groups among those having a hydrophobic
group and a hydrophilic group, that is, common sur-
factants. In other words, the amphoteric surfactant is sub-
stantially ionized to give an amphoteric ion in the aqueous
dispersion obtained through the oxidizing, the aqueous
dispersion containing graphite oxide dispersed therein.
[0080] The graphite oxide interacts with the cationiza-
ble group of the amphoteric surfactant. Thereby, the hy-
drophobic group and anionizable group of the amphoteric
surfactant are directed outward to make surfaces of the
graphite oxide slightly anionic. The graphite oxide thus
highly interacts with a relatively highly polar organic dis-
persion medium and can be exfoliated into layers.
[0081] Preferred examples of the hydrophobic group
of the amphoteric surfactant include a hydrocarbon group
such as an aliphatic hydrocarbon group or an aromatic
hydrocarbon group. The number of carbon atoms of the
hydrocarbon group is preferably 3 or more, more prefer-
ably 4 or more, still more preferably 5 or more. The
number of carbon atoms of the hydrocarbon group is pref-
erably 24 or less, for example. The amphoteric surfactant
contains as hydrophilic groups a cationizable group and
an anionizable group. Preferred examples of the cation-
izable group include a quaternary ammonium salt group,
a pyridinium salt group, and an amine group. Preferred
examples of the anionizable group include a carboxylic
acid (salt) group, a sulfonic acid (salt) group, and a phos-
phoric acid (salt) group. The number of types of each of
the hydrophobic group, the cationizable group, and the
anionizable group is not limited to one. For example, the
amphoteric surfactant may have a relatively poorly polar
functional group (poorly polar hydrophilic group) such as
a polyoxyalkylene group (e.g., a polyoxyethylene group,
a polyoxypropylene group), an ether group, an ester
group, or a hydroxy group, as well as a cationizable group
and an anionizable group (which are both highly polar
hydrophilic groups), in one molecule. The use of the am-
photeric surfactant having a cationizable group, an ani-
onizable group, and a hydrophilic group with a lower po-
larity than the cationizable group or the anionizable group
can control the degrees of hydrophobicity and polarity.
Thus, the use of only one molecule (the amphoteric sur-
factant) can achieve the same effects as those achieved
by the use of the amphoteric surfactant and the nonionic
surfactant in combination. In other words, the amphoteric
surfactant preferably has a cationizable group, an anion-
izable group, and a hydrophilic group with a lower polarity

than the cationizable group or the anionizable group. Ex-
amples of the poorly polar hydrophilic group include a
polyoxyalkylene group, an ether group, an ester group,
and a hydroxy group. Preferred is a polyoxyalkylene
group containing a C2-C3 alkylene group. Further, for
example, the use of the amphoteric surfactant having
multiple types of cationizable groups can control the de-
grees of hydrophobicity and polarity. Thus, the use of
such a specific amphoteric surfactant as a single sur-
factant can achieve the same effects as those achieved
by the use of the amphoteric surfactant and the cationic
surfactant in combination as described above.
[0082] Examples of the amphoteric surfactant include
an alkyldimethylaminoacetic acid betaine, an alkyld-
imethylamine oxide, an alkylcarboxymethyl imidazolin-
ium betaine, an alkyl amidopropyl betaine, and an alkyl
sulfobetaine. One or two or more of these may be used.
Preferred among these amphoteric surfactants is an
alkyldimethylaminoacetic acid betaine, with lauryld-
imethylaminoacetic acid betaine (lauryl betaine) being
more preferred. When the cationizable group is in the
form of a salt, the salt is preferably a halide or hydroxide.
The halide is preferably a chloride. When the anionizable
group is in the form of a salt, the salt is preferably an
alkali metal salt. The alkali metal salt is preferably a so-
dium salt or potassium salt. Unless otherwise specified,
when the amphoteric surfactant is used in the method of
producing a carbon material composite of the present
invention, it may be the same as the amphoteric sur-
factant according to the third aspect of the present inven-
tion.
[0083] In the mixing, the amount of the amphoteric sur-
factant to be mixed with the aqueous dispersion contain-
ing graphite oxide dispersed therein may be appropriate-
ly set. It is preferably 10 to 1000% by mass per 100% by
mass of the graphite oxide dispersed in the aqueous dis-
persion. The amount of the amphoteric surfactant is more
preferably 20 to 700% by mass, still more preferably 25
to 600% by mass, particularly preferably 30 to 500% by
mass per 100% by mass of the graphite oxide dispersed
in the aqueous dispersion.
[0084] In the production method of the third aspect of
the present invention, the mixing preferably further in-
cludes mixing a nonionic surfactant and/or a cationic sur-
factant. Thereby, the duration of purification can be fur-
ther reduced and acids can be sufficiently removed in
the subsequent purification as described above. Thus,
the carbon material composite can be purified very effi-
ciently. Also, the graphite oxide in the carbon material
composite can be exfoliated into layers even in various
dispersion media.
[0085] When the mixing further includes mixing a no-
nionic surfactant and/or a cationic surfactant, the mate-
rials may be mixed in any order. For example, the mixing
may include first mixing of mixing a nonionic surfactant
and/or a cationic surfactant and the aqueous dispersion
obtained through the oxidizing, the aqueous dispersion
containing graphite oxide dispersed therein, and second
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mixing of mixing an amphoteric surfactant and the aque-
ous dispersion containing the nonionic surfactant and/or
the cationic surfactant and graphite oxide dispersed
therein. Alternatively, a nonionic surfactant and/or a cat-
ionic surfactant and an amphoteric surfactant may be
simultaneously mixed with the aqueous dispersion ob-
tained through the oxidizing, the aqueous dispersion con-
taining graphite oxide dispersed therein.
[0086] As described above, during the mixing, purifi-
cation may be performed. In other words, when a step
of mixing part of the surfactants is referred to as first
mixing and a step of mixing the rest of the surfactants is
referred to as second mixing, the purification may be per-
formed between the first mixing and the second mixing.
For example, when the mixing includes the first mixing
of mixing a nonionic surfactant and/or a cationic sur-
factant and the aqueous dispersion obtained through the
oxidizing, the aqueous dispersion containing graphite ox-
ide dispersed therein, and the second mixing of mixing
an amphoteric surfactant and the aqueous dispersion
containing the nonionic surfactant and/or the cationic sur-
factant and graphite oxide dispersed therein, the carbon
material composite containing the nonionic surfactant
and/or the cationic surfactant and graphite oxide may be
purified from the liquid mixture obtained in the first mixing
between the first mixing and the second mixing. The pu-
rification may be performed by any technique, and any
known technique may be used as appropriate. For ex-
ample, the purification is preferably performed by at least
one technique selected from the group consisting of fil-
tration, decantation, centrifugation, and solvent extrac-
tion. In this way, sulfuric acid may be sufficiently washed
away between the first mixing and the second mixing in
advance. Thereby, in the subsequent second mixing, the
acid groups of the graphite oxide are ionized and the
graphite oxide more strongly interacts with the ampho-
teric surfactant. As a result, the effect of exfoliating the
graphite oxide into layers in an organic dispersion medi-
um is markedly achieved. Alternatively, between the first
mixing and the second mixing, the carbon material com-
posite may be purified by, for example, at least one tech-
nique selected from the group consisting of filtration, de-
cantation, centrifugation, and solvent extraction and then
may be further washed with water as needed. The puri-
fication is described in detail after the description of the
mixing.
[0087] In the first mixing, a nonionic surfactant and/or
a cationic surfactant may be added to the aqueous dis-
persion, the aqueous dispersion may be added to a no-
nionic surfactant and/or a cationic surfactant, or the aque-
ous dispersion and a nonionic surfactant and/or a cationic
surfactant may be simultaneously added to a vessel. The
same is applied to the second mixing. Specifically, an
amphoteric surfactant may be added to the aqueous dis-
persion, the aqueous dispersion may be added to an am-
photeric surfactant, or the aqueous dispersion and an
amphoteric surfactant may be simultaneously added to
a vessel.

[0088] When a nonionic surfactant and/or a cationic
surfactant and an amphoteric surfactant are simultane-
ously mixed with the aqueous dispersion obtained
through the oxidizing, the aqueous dispersion containing
graphite oxide dispersed therein, for example, the noni-
onic surfactant and/or the cationic surfactant and the am-
photeric surfactant may be simultaneously added to the
aqueous dispersion, or alternatively, the aqueous disper-
sion, the nonionic surfactant and/or the cationic sur-
factant, and the amphoteric surfactant may be simulta-
neously added to a vessel.
[0089] The nonionic surfactant is the same as the no-
nionic surfactant according to the first aspect of the
present invention, and the cationic surfactant is the same
as the cationic surfactant according to the second aspect
of the present invention.
[0090] The graphite oxide hydrophobically and/or ion-
ically interacts with the nonionic surfactant and/or the cat-
ionic surfactant so that they aggregate together. This can
lead to efficient purification such as filtration, and thus
can achieve a reduction in cost of the production of the
carbon material composite.
[0091] In the mixing, the amount of the nonionic sur-
factant and/or the cationic surfactant to be mixed with
the aqueous dispersion may be appropriately set. It is
preferably 10 to 1000% by mass per 100% by mass of
the graphite oxide in the aqueous dispersion. The amount
of the nonionic surfactant and/or the cationic surfactant
is more preferably 20 to 700% by mass, still more pref-
erably 30 to 600% by mass, particularly preferably 40 to
500% by mass per 100% by mass of the graphite oxide
in the aqueous dispersion.
[0092] When the nonionic surfactant and the cationic
surfactant are used in combination, the amount of the
nonionic surfactant and/or the cationic surfactant refers
to the combined amount of the nonionic surfactant and
the cationic surfactant.
[0093] A preferred amount of sulfate ions, preferred
pH, and preferred water concentration of the aqueous
dispersion before mixing with the surfactants in the meth-
od of producing a carbon material composite according
to the third aspect of the present invention are the same
as the preferred amount of sulfate ions, preferred pH,
and preferred water concentration of the aqueous dis-
persion before mixing with the surfactants in the method
of producing a carbon material composite of the present
invention described below.
[0094] When the mixing further includes mixing a no-
nionic surfactant and/or a cationic surfactant in the meth-
od of producing a carbon material composite according
to the third aspect of the present invention, an unexpect-
ed effect is expressed that the graphite oxide interacts
with the nonionic surfactant and/or the cationic surfactant
so that they aggregate together in the presence of a
strong acid such as sulfuric acid that has been used in
the oxidation or the like, more markedly achieving the
effects of the present invention.
[0095] As described above, the purification may be
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performed during the mixing. For example, when the
method of producing a carbon material composite ac-
cording to the third aspect of the present invention in-
cludes the first mixing of mixing a nonionic surfactant
and/or a cationic surfactant and the aqueous dispersion
obtained through the oxidizing, the aqueous dispersion
containing graphite oxide dispersed therein, and the sec-
ond mixing of mixing an amphoteric surfactant and the
aqueous dispersion containing the nonionic surfactant
and/or the cationic surfactant and graphite oxide dis-
persed therein, the liquid mixture obtained in the first mix-
ing may be purified between the first mixing and the sec-
ond mixing as described above. Thereby, in the subse-
quent second mixing, the graphite oxide more strongly
interacts with the amphoteric surfactant. For example,
the aqueous dispersion containing the nonionic sur-
factant and/or the cationic surfactant and graphite oxide
dispersed therein preferably contains 10% by mass or
less of sulfate ions relative to 100% by mass of the aque-
ous dispersion. The amount of sulfate ions is more pref-
erably 5% by mass or less, still more preferably 1% by
mass or less, particularly preferably 0.1% by mass or
less. The lower limit of the amount of sulfate ions is not
limited and may be 0% by mass.
[0096] The aqueous dispersion containing the nonion-
ic surfactant and/or the cationic surfactant and graphite
oxide dispersed therein preferably has a pH of 2 to 10,
more preferably 9 or less, still more preferably 8 or less.
[0097] In the method of producing a carbon material
composite according to the third aspect of the present
invention, the aqueous dispersion containing the noni-
onic surfactant and/or the cationic surfactant and graph-
ite oxide dispersed therein preferably has a water con-
centration of 20% by mass or higher relative to 100% by
mass of the aqueous dispersion.
[0098] The water concentration is more preferably
25% by mass or higher, still more preferably 30% by mass
or higher, particularly preferably 35% by mass or higher.
[0099] The water concentration is, for example, pref-
erably 99% by mass or lower, more preferably 95% by
mass or lower.
[0100] In the mixing, first, the aqueous dispersion ob-
tained through the oxidizing, the aqueous dispersion con-
taining graphite oxide dispersed therein, may be mixed
with an amphoteric surfactant, followed by mixing with a
nonionic surfactant and/or a cationic surfactant. Pre-
ferred embodiments of this case are the same as those
of the above-described case where, in the mixing, the
aqueous dispersion obtained through the oxidizing, the
aqueous dispersion containing graphite oxide dispersed
therein, is first mixed with a nonionic surfactant and/or a
cationic surfactant, followed by mixing with an ampho-
teric surfactant.
[0101] In the method of producing a carbon material
composite of the present invention, the aqueous disper-
sion obtained through the oxidizing, the aqueous disper-
sion containing graphite oxide dispersed therein (aque-
ous dispersion before mixing with the surfactants), pref-

erably has a water concentration of 20% by mass or high-
er relative to 100% by mass of the aqueous dispersion.
[0102] The water concentration is more preferably
25% by mass or higher, still more preferably 30% by mass
or higher, particularly preferably 35% by mass or higher.
[0103] With the water concentration within the above
ranges, an unexpected effect is more sufficiently ex-
pressed that the graphite oxide interacts with at least one
surfactant selected from the group consisting of a noni-
onic surfactant, a cationic surfactant, and an amphoteric
surfactant so that they aggregate together even in the
presence of sulfuric acid that has been used in the oxi-
dation or the like, achieving better the effects of the
present invention.
[0104] The water concentration is, for example, pref-
erably 99% by mass or lower, more preferably 95% by
mass or lower.
[0105] In the method of producing a carbon material
composite of the present invention, when the mixing fur-
ther includes mixing a nonionic surfactant and/or a cati-
onic surfactant, an unexpected effect is more sufficiently
expressed that the graphite oxide interacts with the no-
nionic surfactant and/or the cationic surfactant so that
they aggregate together in the presence of a strong acid
such as sulfuric acid that has been used in the oxidation
or the like, achieving much better the effects of the
present invention. In particular, when the mixing includes
mixing a nonionic surfactant, the above-described action
is more sufficiently expressed and the effects of the
present invention can be much better and markedly
achieved.
[0106] In the method of producing a carbon material
composite of the present invention, the aqueous disper-
sion to be mixed with the surfactants preferably contains
1% by mass or more of sulfate ions relative to 100% by
mass of the aqueous dispersion.
[0107] The amount of sulfate ions is more preferably
3% by mass or more, still more preferably 5% by mass
or more. The amount of sulfate ions is preferably 90%
by mass or less, more preferably 70% by mass or less.
[0108] The amount of sulfate ions refers to the com-
bined amount of sulfate ions derived from sulfuric acid
and sulfate ions derived from sulfates.
[0109] Further, the aqueous dispersion preferably has
a pH of 2 or lower, more preferably 1.5 or lower. The
lower limit of the pH is not limited, and is usually -1 or
higher.
[0110] According to the present invention, an unex-
pected effect is expressed that the graphite oxide inter-
acts with the surfactants so that they aggregate together
in the presence of a strong acid such as sulfuric acid that
has been used in the oxidation or the like, achieving the
effects of the present invention.

(Purification of carbon material composite)

[0111] The method of producing a carbon material
composite of the present invention includes purifying the
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carbon material composite after the completion of the
mixing of the aqueous dispersion containing graphite ox-
ide and the surfactants or between the first mixing and
the second mixing when the mixing includes the first mix-
ing and the second mixing as described above. The pu-
rifying may be performed by any technique, and any
known technique may be used as appropriate. The pu-
rifying is preferably performed by at least one technique
selected from the group consisting of filtration, decanta-
tion, centrifugation, and solvent extraction, for example.
[0112] In particular, the purifying is preferably per-
formed after the completion of the mixing of the aqueous
dispersion and the surfactants. When the purifying is per-
formed between the first mixing and the second mixing,
the rest of the surfactants is mixed with the carbon ma-
terial composite obtained through the purifying. Thus, the
carbon material composite to be purified does not contain
the rest of the surfactants, and in this respect, it is different
from the final carbon material composite obtained by the
production method of the present invention.
[0113] These methods can efficiently and sufficiently
remove sulfuric acid from the aqueous dispersion and
can purify the carbon material composite in a short time.
This can sufficiently prevent reduction and/or inactivation
of reactive oxygen-containing functional groups of the
graphite oxide in the carbon material composite when
the carbon material composite is purified. Thus, a high-
quality carbon material composite can be obtained. Here-
in, the purifying refers to a step of removing solid impu-
rities (e.g., oxidants such as permanganate) and/or sol-
vents (e.g., strong acid such as sulfuric acid) used in the
oxidation reaction from the aqueous dispersion.
[0114] Among these methods, filtration and solvent ex-
traction are more preferred, with filtration being still more
preferred. In the purifying, since the surfactants in the
present invention act on the carbon material composite
particles in the aqueous dispersion to promote aggrega-
tion of the particles to provide large aggregates of the
carbon material composite particles, the aqueous disper-
sion, when filtered, is less likely to cause clogging of the
filter, and the filtration can be completed in a very short
time. When the mixing includes mixing a nonionic sur-
factant, the nonionic surfactant, which has a weak ag-
gregating force, does not aggregate the carbon material
composite so strongly. Thus, water can enter the aggre-
gates and sufficiently wash away the sulfuric acid. When
the mixing includes mixing a cationic surfactant, the
graphite oxide interacts with the cationizable group of the
cationic surfactant, and thus, the hydrophobic group of
the cationic surfactant is directed outward to make sur-
faces of the graphite oxide hydrophobic. This hydropho-
bicity allows removal of highly polar sulfuric acid. Thus,
a high-quality carbon material composite can be very
simply produced by purifying the carbon material com-
posite by filtration.
[0115] The carbon material composite according to the
second aspect of the present invention to be purified may
contain a cationic surfactant and graphite oxide. It may

further contain a nonionic surfactant when the mixing fur-
ther includes mixing a nonionic surfactant before the pu-
rifying.
[0116] The carbon material composite according to the
third aspect of the present invention to be purified may
contain an amphoteric surfactant and graphite oxide. It
may further contain a nonionic surfactant and/or a cati-
onic surfactant when the mixing further includes mixing
a nonionic surfactant and/or a cationic surfactant before
the purification.
[0117] In the method of producing a carbon material
composite of the present invention, to more simply obtain
the carbon material composite, the purification is prefer-
ably performed by any one or two of the above-described
techniques, more preferably by any one of the tech-
niques. In a preferred embodiment of the production
method of the present invention, each method is com-
pleted in one cycle without repeating.
[0118] To more sufficiently purify the carbon material
composite, each technique is preferably repeated. In a
preferred embodiment of the production method of the
present invention, at least one technique selected from
the group consisting of filtration, decantation, centrifuga-
tion, and solvent extraction is repeated.
[0119] The purification may be performed in the air or
in an inert gas atmosphere, such as in a nitrogen, helium,
or argon atmosphere. The purification may also be per-
formed under increased pressure, atmospheric pres-
sure, or reduced pressure conditions.
[0120] The production method of the present invention
may further include different purification such as washing
with water after the purification of the carbon material
composite by at least one technique selected from the
group consisting of filtration, decantation, centrifugation,
and solvent extraction, for example. When washing with
water is performed after the purification, the washing with
water is preferably performed, for example, at least once,
more preferably twice or more so as to more sufficiently
remove sulfuric acid and allow the graphite oxide to be
more suitably exfoliated into layers in the exfoliation de-
scribed later. In order not to remove excessively at least
one surfactant selected from the group consisting of a
nonionic surfactant, a cationic surfactant, and an ampho-
teric surfactant (the surfactants used) from the carbon
material composite obtained by the production method
of the present invention, the washing with water is pref-
erably performed, for example, 10 times or less, more
preferably 7 times or less. Also in order not to remove
excessively at least one surfactant selected from the
group consisting of a nonionic surfactant, a cationic sur-
factant, and an amphoteric surfactant, the washing may
be performed with, instead of water, a liquid mixture con-
taining water and at least one surfactant selected from
the group consisting of a nonionic surfactant, a cationic
surfactant, and an amphoteric surfactant. Further, the
use of the washing liquid prepared enables control of the
ratio between the graphite oxide and the surfactants in
the final carbon material composite containing graphite

23 24 



EP 3 786 111 A1

14

5

10

15

20

25

30

35

40

45

50

55

oxide and at least one surfactant selected from the group
consisting of a nonionic surfactant, a cationic surfactant,
and an amphoteric surfactant.

(Exfoliation)

[0121] The production method of the present invention
preferably further includes exfoliating into layers the
graphite oxide in the carbon material composite purified
in the purifying. The exfoliation is a step of exfoliating the
graphite oxide into layers as described above, and can
be performed by treatment such as ultrasonication or ho-
mogenizer treatment. Usually, the carbon material com-
posite containing the graphite oxide exfoliated into layers
through the exfoliation is dispersible in a dispersion me-
dium. The exfoliation can be performed after mixing the
carbon material composite purified in the purifying and a
dispersion medium.
[0122] When the purifying is performed between the
first mixing and the second mixing, the exfoliation may
be performed after the purifying and before the second
mixing. It is preferably performed after the second mixing
(after the completion of the mixing).
[0123] For the composite according to the first aspect
of the present invention containing a nonionic surfactant
as a single surfactant and graphite oxide, the dispersion
medium may be either an organic dispersion medium or
an aqueous dispersion medium containing water. Pre-
ferred examples of the dispersion medium include car-
bonate esters such as ethylene carbonate and propylene
carbonate; lactams such as N-methyl-1-pyrrolidone;
amides such as dimethylformamide and dimethylaceta-
mide; ethers such as tetrahydrofuran and diethyl ether;
lactones such as γ-butyrolactone; alcohols such as meth-
anol, ethanol, propanol, and diacetone alcohol; ketones
such as acetone, methyl ethyl ketone, and methyl iso-
butyl ketone; esters such as methyl acetate, ethyl ace-
tate, and butyl acetate; and water. Each of these may be
use alone or two or more of these may be used as a
dispersion medium mixture. More preferred are carbon-
ate esters, lactams, amides, ethers, lactones, alcohols,
and water. Still more preferred are propylene carbonate,
N-methyl-1-pyrrolidone, dimethylformamide, dimethyla-
cetamide, tetrahydrofuran, γ-butyrolactone, diacetone al-
cohol, and water, with γ-butyrolactone, diacetone alco-
hol, and water being particularly preferred. In other
words, an aqueous dispersion medium is preferred.
[0124] Since sulfuric acid can be sufficiently removed
through the purification and the action of the nonionic
surfactant on the graphite oxide is not too strong and is
moderate, the graphite oxide can be very suitably exfo-
liated into layers in the exfoliation. As a result, the carbon
material composite can be dispersed in a dispersion me-
dium.
[0125] The dispersion medium is also preferably a liq-
uid polymer compound. Examples of the liquid polymer
compound include polyethylene glycol, polypropylene
glycol, and silicone oil. One or two or more of these may

be used.
[0126] The dispersion medium is also preferably a res-
in precursor (monomer). The resin precursor may be a
hydrophilic (aqueous) resin precursor or a lipophilic (or-
ganic) resin precursor. As the resin precursor, a precur-
sor of conventionally known thermoplastic resin, thermo-
setting resin, or photocurable resin, or a different precur-
sor may be appropriately used.
[0127] Examples of the thermoplastic resin include ole-
fin resins such as polyethylene, polypropylene, ethylene-
olefin copolymers (e.g., an ethylene-propylene copoly-
mer), and polymethylpentene; (meth)acrylic resins such
as poly(meth)acrylate resin, poly(meth)acrylic acid resin,
and poly(meth)acrylonitrile resin; styrene-based resins
such as polystyrene, AS resin (acrylonitrile-styrene res-
in), ABS resin (acrylonitrile-butadiene-styrene resin),
ACS resin (chlorinated polyethylene-acrylonitrile-sty-
rene resin), and AES resin (acrylonitrile-ethylene-styrene
resin); vinyl halide resins such as polyvinyl chloride, pol-
yvinylidene chloride, and polyvinylidene fluoride; amide
resins such as aliphatic polyamide and aromatic polya-
mide; vinyl acetate resins such as polyvinyl acetate and
ethylene-vinyl acetate copolymers; other vinyl resins
such as poly(vinyl alcohol) resin, polyvinyl acetal resin,
polyvinyl ether resin, and polyvinyl ketone resin; polyes-
ter resins such as polyethylene terephthalate, polybuty-
lene terephthalate, and polyethylene naphthalate; phe-
nylene group-containing resins such as PPE resin
(polyphenylene ether resin), modified PPE resin,
polyphenylene oxide, and polyphenylene sulfide; fluor-
oresins such as polytetrafluoroethylene; polyether resins
such as polyether ether ketone, polyether ketone, poly-
ethersulfone, and polyether nitrile; polycarbonate; sili-
cone resin; polysulfone resin; liquid crystal polymers; and
copolymer obtained by appropriately combining mono-
mers used for obtaining these resins.
[0128] Examples of the thermosetting resin include
epoxy resin, phenol resin, cyanic ester resin, melamine
resin, polyimide resin, bismaleimide resin, urea resin,
alkyd resin, silicone resin, vinyl ester resin, benzoxazine
resin, and urethane resin.
[0129] Examples of the photocurable resin include
photocurable (meth)acrylic resins such as urethane
(meth)acrylic resin and epoxy (meth)acrylic resin; and
polyvinyl carbonate resins such as polyvinyl acetate res-
in.
[0130] The resin precursor may be a monomer used
to obtain the above-described resin (e.g., the thermo-
plastic resin, thermosetting resin, or photocurable resin).
In particular, it is preferably a monomer containing an
ethylenically unsaturated double bond (vinyl monomer)
or an epoxy compound (epoxy monomer).
[0131] The monomer containing an ethylenically un-
saturated double bond may be monofunctional or poly-
functional. Examples thereof include (meth)acrylic mon-
omers such as (meth)acrylic acid ester, (meth)acrylic ac-
id, and (meth)acrylonitrile; styrene-based monomers
such as styrene and divinylbenzene; and other vinyl mon-
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omers such as vinyl acetate, vinyl chloride, vinyl ether,
and butadiene. One or two or more of these may be used.
[0132] Examples of the epoxy compound include an
alicyclic epoxy compound, an aromatic epoxy com-
pound, and a hydrogenated epoxy compound. One or
two or more of these may be used.
[0133] The dispersion medium may be a dispersion
medium mixture containing at least two selected from the
group consisting of water, an organic dispersion medium,
a liquid polymer compound, and a resin precursor.
[0134] For example, the dispersion medium may be an
aqueous dispersion medium or organic dispersion me-
dium in which the above-described liquid polymer com-
pound or resin precursor is dissolved or dispersed.
[0135] The dispersion medium may contain resin. For
example, the dispersion medium may contain water
and/or an organic dispersion medium and the above-de-
scribed resin dissolved or dispersed therein. Examples
of the resin include the above-described thermoplastic
resin, thermosetting resin, and photocurable resin. One
or two or more of these may be used. For example, the
dispersion medium may suitably be one in which a water-
soluble resin is dissolved in water, one in which emulsion
particles are dispersed in water, or one in which a polymer
such as vinyl resin is dissolved in an organic dispersion
medium.
[0136] The organic dispersion medium is preferably a
preferred organic dispersion medium in the exfoliation
according to the first aspect of the present invention.
[0137] In summary, the dispersion medium may be one
selected from the group consisting of water, an organic
dispersion medium, a liquid polymer compound, resin,
and a resin precursor or a dispersion medium mixture
containing two or more of these.
[0138] As described above, preferred examples of a
resin-based dispersion medium containing resin and/or
a resin precursor as the dispersion medium include an
epoxy compound (epoxy monomer), an epoxy resin, a
monomer containing an ethylenically unsaturated double
bond (vinyl monomer), a vinyl resin, a copolymer ob-
tained from a combination of two or more of these mon-
omers, and a dispersion medium mixture containing two
or more of these. The resin-based dispersion medium
may further contain an organic dispersion medium and/or
water.
[0139] The following describes the dispersion medium
used in the exfoliation in the method of producing a car-
bon material composite according to the second aspect
of the present invention. For the composite containing a
cationic surfactant as a single surfactant and graphite
oxide, the dispersion medium may be an organic disper-
sion medium (optionally containing water). Preferred ex-
amples of the organic dispersion medium include propyl-
ene carbonate, N-methyl-1-pyrrolidone, dimethylforma-
mide, dimethylacetamide, tetrahydrofuran, γ-butyrolac-
tone, and diacetone alcohol. Particularly preferred are
propylene carbonate and γ-butyrolactone. Each of these
may be used alone or two or more of these may be used

as a dispersion medium mixture. In a preferred embod-
iment of the present invention, when the dispersion me-
dium contains one of these dispersion media or two or
more of these as a dispersion medium mixture, even a
non-polar dispersion medium such as toluene or hexane
other than the above preferred dispersion media may be
appropriately mixed, for example. For the composite con-
taining a cationic surfactant, a nonionic surfactant, and
graphite oxide, the dispersion medium may be an organic
dispersion medium or an aqueous dispersion medium
containing water. Preferred examples thereof include
propylene carbonate, N-methyl-1-pyrrolidone, dimethyl-
formamide, dimethylacetamide, tetrahydrofuran, γ-buty-
rolactone, diacetone alcohol, and water. Particularly pre-
ferred are propylene carbonate, γ-butyrolactone, and wa-
ter. Each of these may be used alone or two or more of
these may be used as a dispersion medium mixture. In
a preferred embodiment of the present invention, when
the dispersion medium contains one of these dispersion
media or two or more of these as a dispersion medium
mixture, even a non-polar dispersion medium such as
toluene or hexane other than the above preferred disper-
sion media may be appropriately mixed, for example.
[0140] Since sulfuric acid can be sufficiently removed
through the purification; the graphite oxide having a sur-
face to which a cationic surfactant is bonded suitably in-
teracts with an organic dispersion medium; and the
graphite oxide having a surface to which a cationic sur-
factant and a nonionic surfactant are bonded suitably in-
teracts with both of an aqueous dispersion medium and
an organic dispersion medium, the graphite oxide can be
very suitably exfoliated into layers in the exfoliation. Thus,
the carbon material composite can be dispersed in a dis-
persion medium.
[0141] For the composite according to the second as-
pect of the present invention containing a cationic sur-
factant as a single surfactant and graphite oxide, the dis-
persion medium suitably used in the exfoliation is water,
an organic dispersion medium, the above-described liq-
uid polymer compound, resin, or resin precursor. Pre-
ferred liquid polymer compounds, resins, and resin pre-
cursors are the same as those described above.
[0142] The dispersion medium may be a dispersion
medium mixture containing at least two appropriately se-
lected from the group consisting of water, an organic dis-
persion medium, a liquid polymer compound, resin, and
a resin precursor as described above. Preferred combi-
nations thereof are as described above.
[0143] The organic dispersion medium is preferably a
preferred organic dispersion medium in the exfoliation
according to the second aspect of the present invention.
[0144] The following describes the dispersion medium
used in the exfoliation in the method of producing a car-
bon material composite the third aspect of the present
invention. For the composite containing an amphoteric
surfactant as a single surfactant and graphite oxide, the
dispersion medium may be an organic dispersion medi-
um (optionally containing water). Preferred examples of
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the organic dispersion medium include C1-C3 lower al-
cohols such as methanol, ethanol, 1-propanol, and 2-
propanol, acetone, methyl ethyl ketone (MEK), ace-
tonitrile, diacetone alcohol, acetyl acetone, and tetrahy-
drofuran. Each of these may be used alone or two or
more of these may be used as a dispersion medium mix-
ture. In a preferred embodiment of the present invention,
when the dispersion medium contains one of these dis-
persion media or two or more of these as a dispersion
medium mixture, even a non-polar dispersion medium
such as toluene or hexane other than the above preferred
dispersion media may be appropriately mixed, for exam-
ple. For the composite containing an amphoteric sur-
factant, a nonionic surfactant, and graphite oxide, the
dispersion medium may be an organic dispersion medi-
um (optionally containing water) or an aqueous disper-
sion medium containing water. Preferred examples
thereof include C1-C3 lower alcohols such as methanol,
ethanol, 1-propanol, and 2-propanol, acetone, methyl
ethyl ketone, acetonitrile, diacetone alcohol, acetyl ace-
tone, tetrahydrofuran, and water. Each of these may be
used alone or two or more of these may be used as a
dispersion medium mixture. In a preferred embodiment
of the present invention, when the dispersion medium
contains each of these dispersion media or two or more
of these as a dispersion medium mixture, even a non-
polar dispersion medium such as toluene or hexane other
than the above preferred dispersion media may be ap-
propriately mixed, for example. For the composite con-
taining an amphoteric surfactant, a cationic surfactant,
and graphite oxide, the dispersion medium may be an
organic dispersion medium (optionally containing water)
or an aqueous dispersion medium containing water. Pre-
ferred examples thereof include acetone, methyl ethyl
ketone, methyl isobutyl ketone, acetonitrile, diacetone al-
cohol, acetyl acetone, tetrahydrofuran, propylene car-
bonate, and C4-C12 aliphatic alcohols such as butanol,
pentanol, and hexanol. Each of these may be used alone
or two or more of these may be used as a dispersion
medium mixture. In a preferred embodiment of the
present invention, when the dispersion medium contains
each of these dispersion media or two or more of these
as a dispersion medium mixture, even a non-polar dis-
persion medium such as toluene or hexane other than
the above preferred dispersion media may be appropri-
ately mixed, for example. For the composite containing
an amphoteric surfactant, a nonionic surfactant, a cati-
onic surfactant, and graphite oxide, the dispersion me-
dium may be an organic dispersion medium (optionally
containing water) or an aqueous dispersion medium con-
taining water. Preferred examples thereof include ace-
tone, methyl ethyl ketone, methyl isobutyl ketone, ace-
tonitrile, diacetone alcohol, acetyl acetone, tetrahydro-
furan, propylene carbonate, C4-C12 aliphatic alcohols
such as butanol, pentanol, and hexanol, acyclic ester sol-
vents such as methyl acetate, ethyl acetate, and butyl
acetate, and glycol derivatives such as glycol ether and
glycol ester. Each of these may be used alone or two or

more of these may be used as a dispersion medium mix-
ture. In a preferred embodiment of the present invention,
when the dispersion medium contains each of these dis-
persion media or two or more of these as a dispersion
medium mixture, even a non-polar dispersion medium
such as toluene or hexane other than the above preferred
dispersion media may be appropriately mixed, for exam-
ple.
[0145] Since sulfuric acid can be sufficiently removed
through the purification; the graphite oxide having a sur-
face to which an amphoteric surfactant is bonded suitably
interacts with an organic dispersion medium; and the
graphite oxide having a surface to which an amphoteric
surfactant and a nonionic surfactant and/or a cationic sur-
factant are bonded suitably interacts with both of an aque-
ous dispersion medium and an organic dispersion medi-
um, the graphite oxide can be very suitably exfoliated
into layers in the exfoliation. Thus, the carbon material
composite can be dispersed in a dispersion medium.
[0146] For the composite according to the third aspect
of the present invention containing an amphoteric sur-
factant as a single surfactant and graphite oxide, the dis-
persion medium suitably used in the exfoliation is water,
an organic dispersion medium, the above-described liq-
uid polymer compound, resin, or resin precursor. Pre-
ferred liquid polymer compounds, resins, and resin pre-
cursors are the same as those described above.
[0147] The dispersion medium may be a dispersion
medium mixture containing at least two appropriately se-
lected from the group consisting of water, an organic dis-
persion medium, a liquid polymer compound, resin, and
resin precursor as described above. Preferred combina-
tions thereof are as described above.
[0148] The organic dispersion medium is preferably a
preferred organic dispersion medium in the exfoliation
according to the third aspect of the present invention.
[0149] In the method of producing a carbon material
composite of the present invention, the amount of sulfuric
acid in the dispersion medium in the exfoliation is pref-
erably 0.1% by mass or less relative to 100% by mass
of the dispersion medium, for example.
[0150] The exfoliation may be performed, for example,
in the air or in an inert gas atmosphere, such as in a
nitrogen, helium, or argon atmosphere. The exfoliation
may be performed under any temperature conditions. For
example, it is preferably performed within the range of
10°C to 50°C. The exfoliation may be performed under
any pressure conditions such as increased pressure, at-
mospheric pressure, or reduced pressure conditions. For
example, it is preferably performed under atmospheric
pressure conditions.
[0151] The duration of the exfoliation may be appro-
priately controlled depending on the whole amount of the
carbon material composite dispersion and the size of an
exfoliation apparatus. For example, it is preferably 1
minute to 120 hours.
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(Oxidation of graphite)

[0152] In the method of producing a carbon material
composite of the present invention, the oxidation of
graphite may be performed by any technique that can
oxidize graphite. The oxidation of graphite may be per-
formed by any of the Hummers method, the Brodie meth-
od, and the Staudenmaier method described above. It
may be oxidation by the Hummers method in which a
permanganate is added to a liquid mixture containing
graphite and sulfuric acid.
[0153] In the above-described techniques of oxidizing
graphite, the oxidation usually uses an acid to oxidize
graphite.
[0154] In the production method of the present inven-
tion, acids remain in the aqueous dispersion to be sub-
jected to the purification. Still, an unexpected effect is
expressed that even in the presence of such residual
acids, the graphite oxide interacts with at least one sur-
factant selected from the group consisting of a nonionic
surfactant, a cationic surfactant, and an amphoteric sur-
factant so that they aggregate together, and impurities
such as acids can be easily removed. Thus, a high-quality
carbon material composite can be simply produced.
[0155] In particular, in a preferred embodiment of the
present invention, the oxidation includes adding a per-
manganate to a liquid mixture containing graphite and
sulfuric acid.
[0156] In the oxidation, the amount of the sulfuric acid
used is preferably such that the mass ratio of sulfuric acid
to graphite (sulfuric acid/graphite) is 25 to 60. With a mass
ratio of 25 or more, an increase in viscosity of the reaction
composition (liquid mixture) can be sufficiently prevented
during the oxidation reaction, leading to efficient produc-
tion of graphite oxide. Meanwhile, with a mass ratio of
60 or less, the amount of liquid waste can be sufficiently
reduced.
[0157] The graphite used in the oxidation preferably
has an average particle size of 3 mm or greater and 80
mm or smaller. With such an average particle size, the
oxidation reaction can be more efficiently promoted. The
graphite more preferably has an average particle size of
3.2 mm or greater and 70 mm or smaller.
[0158] The average particle size is preferably an aver-
age particle size on a volume basis determined with a
laser diffraction/scattering particle size distribution ana-
lyzer.
[0159] The graphite used in the oxidation may be in
any form, such as in the form of fine powder, powder,
grains, granules, flakes, polyhedrons, rods, or particles
with a curved surface. The particles with an average par-
ticle size falling within the above range can be produced
by, for example, pulverizing particles with a pulverizer or
the like; sorting particles by size with a sieve or the like;
a combination of these; or a method in which the prepa-
ration conditions of the production of particles are opti-
mized to prepare particles with a desired particle size.
[0160] The amount of the graphite in the liquid mixture

containing graphite and sulfuric acid is preferably 0.5%
by mass or more, more preferably 1% by mass or more,
still more preferably 1.5% by mass or more, particularly
preferably 2% by mass or more relative to 100% by mass
of the liquid mixture. The amount of the graphite is pref-
erably 10% by mass or less, more preferably 8% by mass
or less, still more preferably 7% by mass or less, partic-
ularly preferably 6% by mass or less.
[0161] In the oxidation in the production method of the
present invention, one type of graphite may be used
alone, or two or more types of graphite different in aver-
age particle size, form, or the like may be used.
[0162] When the oxidation includes adding a perman-
ganate to the liquid mixture containing graphite and sul-
furic acid, the permanganate added in the oxidation may
be, for example, sodium permanganate, potassium per-
manganate, ammonium permanganate, silver perman-
ganate, zinc permanganate, magnesium permanganate,
calcium permanganate, or barium permanganate. One
or two or more of these may be used. Preferred among
these are sodium permanganate and potassium perman-
ganate, with potassium permanganate being more pre-
ferred.
[0163] When the oxidation includes adding a perman-
ganate to the liquid mixture containing graphite and sul-
furic acid, the whole amount of the permanganate added
in the oxidation is preferably 50 to 500% by mass relative
to 100% by mass of the graphite in the liquid mixture.
Thus, the graphite oxide can be safely and efficiently pro-
duced. The amount of oxygen atoms introduced in the
graphite oxide can be controlled by varying the whole
amount of the oxidant added.
[0164] When the oxidation includes adding a perman-
ganate to the liquid mixture containing graphite and sul-
furic acid, the permanganate may be added at once, in
multiple portions, or continuously in the oxidation, pref-
erably added in multiple portions or continuously. There-
by, the oxidation reaction is prevented from proceeding
rapidly, so that the reaction is more easily controlled.
[0165] When the permanganate is added in multiple
portions, the amounts of the respective portions may be
the same as or different from each other.
[0166] When the oxidation includes adding a perman-
ganate to the liquid mixture containing graphite and sul-
furic acid, the permanganate is preferably added while
the temperature of the liquid mixture is maintained within
the range of 10°C to 50°C in the oxidation. At a temper-
ature maintained within the above range, the oxidation
reaction can sufficiently proceed under control.
[0167] When the oxidation includes adding a perman-
ganate to the liquid mixture containing graphite and sul-
furic acid, the oxidation preferably includes adding a per-
manganate while maintaining the temperature variation
of the liquid mixture within 30°C. Thus, the oxidation can
be performed more stably.
[0168] When the oxidation includes adding a perman-
ganate to the liquid mixture containing graphite and sul-
furic acid, to stably perform the oxidation, the perman-
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ganate is preferably added from 10 minutes to 10 hours
in the oxidation.
[0169] The oxidation is preferably performed under
stirring using, for example, a known stirrer.
[0170] The oxidation may be performed, for example,
in the air or in an inert gas atmosphere, such as in a
nitrogen, helium, or argon atmosphere. The oxidation
may be performed under any pressure conditions such
as increased pressure, atmospheric pressure, or re-
duced pressure conditions. For example, it is preferably
performed under atmospheric pressure conditions.
[0171] The oxidation may be performed continuously
or intermittently.
[0172] The liquid mixture can be obtained by mixing
graphite, sulfuric acid, and an optional different compo-
nent. The mixing can be appropriately performed by a
known technique. For example, the graphite is preferably
homogeneously dispersed by ultrasonication or using a
known disperser.
[0173] The method of producing a carbon material
composite of the present invention may further include
different steps such as aging, oxidation reaction termi-
nation, and concentration between the oxidation of
graphite and the purification. As described above, for ex-
ample, preferably, a liquid obtained by adding water
and/or hydrogen peroxide water to the reaction compo-
sition during the oxidation reaction termination is used
as an aqueous dispersion in the purification.
[0174] In the aging, the temperature and duration of
aging the reaction composition obtained through the ox-
idation may be appropriately selected. The temperature
of the reaction composition is preferably maintained at
0°C to 90°C.
[0175] The duration of aging is preferably 0.1 to 24
hours.
[0176] The oxidation reaction termination may be per-
formed in the air or in an inert gas atmosphere, such as
in a nitrogen, helium, or argon atmosphere. It may be
performed also in a vacuum.
[0177] The oxidation reaction termination may be per-
formed by, for example, setting the temperature of the
reaction composition at 5°C to 15°C and adding water
and then a hydrogen peroxide solution as a reducing
agent or adding only a hydrogen peroxide solution to the
reaction composition. Alternatively, the reaction compo-
sition may be added to water or a hydrogen peroxide
solution having a temperature of 5°C to 25°C.
[0178] The duration of the oxidation reaction termina-
tion may be, for example, 0.01 to 5 hours.
[0179] The concentration enables appropriate removal
of acids or water from the reaction composition. Thereby,
the amount of acids or water can be controlled to fall
within a suitable range. This step may be performed by
centrifugation, redispersion with addition of water, filtra-
tion, vacuum concentration, or another technique. Each
technique may be repeated, but is preferably completed
in one cycle without repetition.
[0180] The production method of the present invention

may further include, after the purification, reacting the
graphite oxide in the carbon material composite purified
in the purification and a compound reactive with the ox-
ygen-containing functional groups of the graphite oxide
to produce a graphite oxide derivative.
[0181] The compound reactive with the oxygen-con-
taining functional groups of the graphite oxide preferably
contains, for example, at least one selected from the
group consisting of alcohols, silane compounds, fatty ac-
ids (salts), fatty acid esters, isocyanate compounds, and
amines. The silane compounds preferably have a siloxy
group and/or an alkoxy group directly bonding to a silicon
atom because such silane compounds have good reac-
tivity to the oxygen-containing functional groups of the
graphite oxide.

<Carbon material composite>

[0182] The present invention also relates to a carbon
material composite including graphite oxide, the carbon
material composite further containing a nonionic sur-
factant and the graphite oxide having a ratio of the
number of carbon atoms to the number of oxygen atoms
(C/O) of 5.5 or lower; or the carbon material composite
further containing a nonionic surfactant and a cationic
surfactant, or further. containing a nonionic surfactant
and/or a cationic surfactant and an amphoteric sur-
factant.
[0183] In the first aspect of the present invention, the
carbon material composite contains at least a nonionic
surfactant and graphite oxide. The carbon material com-
posite according to the first aspect of the present inven-
tion can be suitably dispersed in a dispersion medium.
In a preferred embodiment of the carbon material com-
posite according to the first aspect of the present inven-
tion, the carbon material composite contains a nonionic
surfactant and graphite oxide having a ratio of the number
of carbon atoms to the number of oxygen atoms (C/O)
of 5.5 or lower. The carbon material composite can be
more sufficiently dispersed in a dispersion medium.
[0184] The ratio is preferably 5 or lower, more prefer-
ably 4 or lower, and preferably 1 or higher.
[0185] The ratio of the number of carbon atoms to the
number of oxygen atoms can be determined from the
ratio between the total peak area in the O1s region and
the total peak area in the C1s region determined by XPS
measurement.
[0186] The carbon material composite according to the
first aspect of the present invention can be produced by
the method of producing a carbon material composite
according to the first aspect of the present invention.
[0187] In the second aspect of the present invention,
the carbon material composite contains at least a cationic
surfactant and graphite oxide. The carbon material com-
posite according to the second aspect of the present in-
vention can be suitably dispersed in an organic disper-
sion medium. In a preferred embodiment of the carbon
material composite according to the second aspect of
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the present invention, the carbon material composite
contains a nonionic surfactant, a cationic surfactant, and
graphite oxide. In another preferred embodiment of the
carbon material composite according to the second as-
pect of the present invention, the carbon material com-
posite contains graphite oxide and a cationic surfactant
having a cationizable group and a hydrophilic group with
a lower polarity than the cationizable group. These car-
bon material composites can be suitably dispersed in
both of an aqueous dispersion medium and an organic
dispersion medium.
[0188] The carbon material composite according to the
second aspect of the present invention can be produced
by the method of producing a carbon material composite
according to the second aspect of the present invention.
[0189] In the third aspect of the present invention, the
carbon material composite contains an amphoteric sur-
factant and graphite oxide. The carbon material compos-
ite according to the third aspect of the present invention
can be suitably dispersed in an organic dispersion me-
dium. In a preferred embodiment of the carbon material
composite according to the third aspect of the present
invention, the carbon material composite contains a no-
nionic surfactant and/or a cationic surfactant, an ampho-
teric surfactant, and graphite oxide. In another preferred
embodiment of the carbon material composite according
to the third aspect of the present invention, the carbon
material composite contains graphite oxide and an am-
photeric surfactant having a cationizable group, an ani-
onizable group, and a hydrophilic group with a lower po-
larity than the cationizable group or the anionizable
group. These carbon material composites can be suitably
dispersed in both of an aqueous dispersion medium and
an organic dispersion medium.
[0190] The carbon material composite according to the
third aspect of the present invention can be produced by
the method of producing a carbon material composite
according to the third aspect of the present invention.
[0191] In the second and third aspects of the present
invention, the graphite oxide preferably has a ratio of the
number of carbon atoms to the number of oxygen atoms
(C/O) of 5.5 or lower. The ratio is preferably 5 or lower,
more preferably 4 or lower. It is preferably 1 or higher.
[0192] The ratio of the number of carbon atoms to the
number of oxygen atoms can be determined from the
ratio between the total peak area in the O1s region and
the total peak area in the C1s region determined by XPS
measurement.

<Dispersion>

[0193] The present invention also relates to a disper-
sion containing the carbon material composite of the
present invention dispersed in a dispersion medium.
[0194] The dispersion medium for dispersing the car-
bon material composite according to the first aspect of
the present invention (carbon material composite con-
taining a nonionic surfactant and graphite oxide having

a ratio of the number of carbon atoms to the number of
oxygen atoms (C/O) of 5.5 or lower) may be either an
aqueous dispersion medium or an organic dispersion
medium, suitably water or any of the organic dispersion
media described for the exfoliation. Examples thereof in-
clude propylene carbonate, N-methyl-1-pyrrolidone,
dimethylformamide, dimethylacetamide, tetrahydro-
furan, γ-butyrolactone, diacetone alcohol, and water.
More preferred are γ-butyrolactone, diacetone alcohol,
and water. Each of these dispersion media may be used
alone or two or more of these may be used as a dispersion
medium mixture.
[0195] The dispersion medium may suitably be water,
an organic dispersion medium, the above-described liq-
uid polymer compound, resin, or resin precursor. The
liquid polymer compound, resin, and resin precursor may
be those described for the exfoliation, and preferred liquid
polymer compound, resin, and resin precursor are the
same as those described for the exfoliation.
[0196] Suitable examples of the liquid polymer com-
pound include polyethylene glycol and polypropylene
glycol.
[0197] Suitable examples of the resin include vinyl res-
in such as (meth)acrylic resin and epoxy resin.
[0198] Suitable examples of the resin precursor in-
clude vinyl monomers such as a (meth)acrylic monomer
and epoxy monomers.
[0199] The dispersion medium may be a dispersion
medium mixture containing at least two appropriately se-
lected from the group consisting of water, an organic dis-
persion medium, a liquid polymer compound, resin, and
resin precursor. Preferred combinations are the same as
those described for the exfoliation.
[0200] The organic dispersion medium is preferably a
preferred organic dispersion medium in the exfoliation
according to the first aspect of the present invention.
[0201] The dispersion medium for dispersing the car-
bon material composite containing a cationic surfactant,
a nonionic surfactant, and graphite oxide among the car-
bon material composites of the second aspect of the
present invention may be either an aqueous dispersion
medium or an organic dispersion medium. Preferred ex-
amples thereof include propylene carbonate, N-methyl-
1-pyrrolidone, dimethylformamide, dimethylacetamide,
tetrahydrofuran, γ-butyrolactone, diacetone alcohol, and
water. Particularly preferred are propylene carbonate, γ-
butyrolactone, and water. The dispersion medium for dis-
persing the composite containing a cationic surfactant
as a single surfactant and graphite oxide may be an or-
ganic dispersion medium (optionally containing water).
Preferred examples of the organic dispersion medium
include propylene carbonate, N-methyl-1-pyrrolidone,
dimethylformamide, dimethylacetamide, tetrahydro-
furan, γ-butyrolactone, and diacetone alcohol. Particular-
ly preferred are propylene carbonate and γ-butyrolac-
tone. Each of these dispersion media may be used alone
or two or more of these may be used as a dispersion
medium mixture.
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[0202] The dispersion medium may suitably be an
aqueous dispersion medium, an organic dispersion me-
dium, the above-described liquid polymer compound,
resin, or resin precursor. The liquid polymer compound,
resin, and resin precursor may be those described for
the exfoliation, and preferred liquid polymer compound,
resin, and resin precursor are the same as those de-
scribed for the exfoliation.
[0203] The dispersion medium may be a dispersion
medium mixture containing at least two appropriately se-
lected from the group consisting of water, an organic dis-
persion medium, a liquid polymer compound, resin, and
resin precursor. Preferred combinations are the same as
those described for the exfoliation.
[0204] The organic dispersion medium is preferably a
preferred organic dispersion medium in the exfoliation
according to the second aspect of the present invention.
[0205] The dispersion medium for dispersing the com-
posite containing an amphoteric surfactant and a noni-
onic surfactant and/or a cationic surfactant and graphite
oxide among the carbon material composites of the third
aspect of the present invention may be either an aqueous
dispersion medium or an organic dispersion medium (op-
tionally containing water). Examples thereof include C1-
C3 lower alcohols such as methanol, ethanol, 1-propa-
nol, and 2-propanol; C4-C12 aliphatic alcohols such as
butanol, pentanol, and hexanol; acetone; methyl ethyl
ketone (MEK); acetonitrile; diacetone alcohol; acetyl ac-
etone; tetrahydrofuran; propylene carbonate; and acyclic
ester solvents such as methyl acetate, ethyl acetate, and
butyl acetate. The dispersion medium for dispersing the
composite containing an amphoteric surfactant as a sin-
gle surfactant and graphite oxide may be a relatively high-
ly polar organic dispersion medium (optionally containing
water). Preferred examples of the relatively highly polar
organic dispersion medium include C1-C3 lower alcohols
such as methanol, ethanol, 1-propanol, and 2-propanol,
acetone, methyl ethyl ketone, acetonitrile, diacetone al-
cohol, and acetyl acetone.
[0206] Each of these dispersion media may be used
alone or two or more of these may be used as a dispersion
medium mixture.
[0207] The dispersion medium may suitably be an
aqueous dispersion medium, an organic dispersion me-
dium, the above-described liquid polymer compound,
resin, or resin precursor. The liquid polymer compound,
resin, and resin precursor may be those described for
the exfoliation, and preferred liquid polymer compound,
resin, and resin precursor are the same as those de-
scribed for the exfoliation.
[0208] The dispersion medium may be a dispersion
medium mixture containing at least two appropriately se-
lected from the group consisting of water, an organic dis-
persion medium, a liquid polymer compound, resin, and
resin precursor. Preferred combinations are the same as
those described for the exfoliation.
[0209] The organic dispersion medium is preferably a
preferred organic dispersion medium in the exfoliation

according to the third aspect of the present invention.
[0210] The proportion of the carbon material compos-
ite of the present invention in the dispersion of the present
invention can be appropriately controlled.
[0211] As described above, the dispersion of the
present invention may be one containing the carbon ma-
terial composite of the present invention dispersed in a
resin and/or a resin precursor (resin-based dispersion).
The resin-based dispersion may further contain at least
one dispersion medium selected from the group consist-
ing of water, an organic dispersion medium, and a liquid
polymer compound.
[0212] The resin-based dispersion may be in the form
of a liquid or gel composition or in the form of a solid (e.g.,
molded body).
[0213] The resin-based dispersion may be prepared,
for example, by kneading the above-described resin
(thermoplastic resin, thermosetting resin, or photocura-
ble resin) (which is preferably melted before kneading)
with: a dispersion containing the carbon material com-
posite of the present invention dispersed in an aqueous
dispersion medium or an organic dispersion medium; or
the carbon material composite of the present invention
itself (powder).
[0214] The molded body may be prepared, for exam-
ple, using the resin-based dispersion of the present in-
vention in the form of a liquid or gel composition. For
example, it can be prepared by applying the composition
to be formed into a film, by molding the composition, or
by polymerizing or curing the resin precursor in the com-
position.
[0215] For example, the resin-based dispersion of the
present invention may be in the form of a liquid or gel
composition or may be in the form of a solid such as a
film, a sheet, fibers, pellets, or particles.
[0216] The film may be a coating film, a self-supported
film, or the like.

<Method of producing graphite oxide>

[0217] The present invention relates to a method of
producing graphite oxide including: oxidizing graphite;
mixing an aqueous dispersion obtained through the ox-
idizing, the aqueous dispersion containing graphite oxide
dispersed therein, and at least one surfactant selected
from the group consisting of a nonionic surfactant, a cat-
ionic surfactant, and an amphoteric surfactant; and pu-
rifying the graphite oxide.
[0218] In a preferred embodiment of the method of pro-
ducing graphite oxide of the present invention, the puri-
fication is a step of purifying the graphite oxide by at least
one technique selected from the group consisting of fil-
tration, decantation, centrifugation, and solvent extrac-
tion.
[0219] The method of producing graphite oxide of the
present invention may be the same as the above-de-
scribed method of producing a carbon material compos-
ite of the present invention. For example, the graphite
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oxide can be obtained by removing impurities and the
surfactants used (the surfactants described above) by
repeating the above-described specific purification or by
repeating washing with water after the purification. To
remove the surfactants, the washing with water free from
surfactants is preferably performed. The method of pro-
ducing graphite oxide of the present invention can simply
produce high-quality graphite oxide.
[0220] For example, the purification of graphite oxide
can be also referred to as a step of removing surfactants
so that substantially no surfactant remains.
[0221] The state where substantially no surfactant re-
mains refers to, for example, that the proportion by mass
of the surfactants is 1000 ppm or less.
[0222] The carbon material composite obtained by the
method of producing a carbon material composite of the
present invention, the carbon material composite of the
present invention, the dispersion of the present invention,
and the graphite oxide obtained by the method of pro-
ducing graphite oxide of the present invention are all suit-
able for catalysts, electrode active substances for cells
and capacitors, thermoelectric conversion materials,
conductive materials, light-emitting materials, lubricant
additives, additives for polymers, permeable membrane
materials, antimicrobial materials, water-repellent mate-
rials, and adsorption materials.
[0223] The carbon material composite and graphite ox-
ide obtained by the production method of the first aspect
of the present invention are suitably dispersed in an aque-
ous dispersion medium. Thus, they are particularly suit-
able for applications where water or moisture may be
present among the above applications.
[0224] The carbon material composite and graphite ox-
ide obtained by the production method of the second as-
pect of the present invention are suitably dispersed in an
organic dispersion medium. Thus, they are particularly
suitable for applications where the presence of water or
moisture is undesirable among the above applications.
[0225] The carbon material composite and graphite ox-
ide obtained by the production method of the third aspect
of the present invention are suitably dispersed in an or-
ganic dispersion medium. Thus, they are particularly suit-
able for applications where the presence of water or mois-
ture is undesirable among the above applications.
[0226] Examples of the cells include lithium ion sec-
ondary cells, polymer electrolyte fuel cells, and metal-air
cells.
[0227] Examples of thermoelectric conversion appa-
ratus using the thermoelectric conversion materials in-
clude: generators such as geothermal/hot spring geo-
thermal generators, solar thermoelectric generators,
waste heat generators for factories, vehicles, or the like,
and human body thermoelectric generators; and various
electric products, electric motors, and satellites equipped
with any of these generators as at least one power
source.

EXAMPLES

[0228] The present invention is described based on
examples in more detail below. They are, however, by
no means limitative of the scope of the invention. Unless
otherwise mentioned, the term "part(s)" means "part(s)
by mass" and "%" means "% by mass".

<Synthesis of graphite oxide-containing aqueous disper-
sion>

(Synthesis example)

[0229] Graphite oxide was synthesized in the following
steps. A reaction vessel was charged with 15 g of graphite
(Z-25 available from Ito Graphite Co., Ltd.) and 640 g of
sulfuric acid (Wako Pure Chemical Industries, Ltd.) in
advance. To the vessel was added 45 g of potassium
permanganate (Wako Pure Chemical Industries, Ltd.)
while the temperature was controlled at 30°C. After the
addition, the contents were warmed to 35°C over 30 min-
utes and allowed to react for two hours. After the reaction,
to the reaction solution were added 1070 mL of water
and 42 mL of 30% hydrogen peroxide water (Wako Pure
Chemical Industries, Ltd.), so that the reaction was ter-
minated. Thus, a graphite oxide-containing aqueous dis-
persion (total mass of water: 1812 g, concentration in
terms of the raw graphite: 0.83%, water concentration:
61%, sulfate ion concentration: 36%) was obtained. The
graphite oxide in the graphite oxide-containing aqueous
dispersion had a C/O ratio of 1.8.

1. Examples according to the first aspect of the present 
invention

<Evaluation of purification efficiency>

(Example 1-1)

[0230] To the graphite oxide-containing aqueous dis-
persion (100 g) obtained in the synthesis example was
added SOFTANOL 120 (Nippon Shokubai Co., Ltd.) in
an amount of 0.75 mass equivalents per raw graphite,
so that aggregates were produced. The contents were
stirred and then filtered. The filterability was very good
(the filtration was completed within 10 minutes). To the
wet cake resulting from the filtration was added water,
and then they were filtered and washed with water. The
filterability was well maintained (the filtration was com-
pleted within 10 minutes). The washing with water was
carried out twice, with good filterability being maintained
in both times.

(Example 1-2)

[0231] The filterability was examined as in Example
1-1 except that SOFTANOL 50 (Nippon Shokubai Co.,
Ltd.) was used as a nonionic surfactant instead of SOF-

39 40 



EP 3 786 111 A1

22

5

10

15

20

25

30

35

40

45

50

55

TANOL 120 (Nippon Shokubai Co., Ltd.) used in an
amount of 0.75 mass equivalents per raw graphite. The
mass equivalent of SOFTANOL 50 was the same as that
of SOFTANOL 120. The filterability was good.

(Example 1-3)

[0232] The filterability was examined as in Example
1-1 except that NEWCOL 85 (Nippon Nyukazai Co., Ltd.)
was used as a nonionic surfactant instead of SOFTANOL
120 (Nippon Shokubai Co., Ltd.) used in an amount of
0.75 mass equivalents per raw graphite. The mass equiv-
alent of NEWCOL 85 was the same as that of SOFTA-
NOL 120. The filterability was good.

(Comparative Example 1-1)

[0233] As an example without an aggregating agent,
the filterability was examined as in Example 1-1 except
that no nonionic surfactant (SOFTANOL 120) was added.
The filterability was very poor, the filter paper was
clogged, and the filtration was not achieved.

(Comparative Example 1-2)

[0234] As an example of using an anionic surfactant
instead of a nonionic surfactant, the filterability was ex-
amined as in Example 1-1 except that sodium linear-do-
decylbenzenesulfonate (Wako Pure Chemical Indus-
tries, Ltd.) was used instead of SOFTANOL 120 (Nippon
Shokubai Co., Ltd.) used in an amount of 0.75 mass
equivalents per raw graphite. The mass equivalent of so-
dium linear-dodecylbenzenesulfonate was the same as
that of SOFTANOL 120. The filterability was very poor,
the filter paper was clogged, and the filtration was not
achieved.

<Dispersibility of graphite oxide composite>

(Example 1-4)

[0235] To the graphite oxide composite-containing wet
cake (in an amount corresponding to 1 g of the raw graph-
ite) obtained in Example 1-1 was added 100 g of water.
The contents were stirred and then sonicated for 30 min-
utes. Thus, an aqueous graphite oxide composite dis-
persion was prepared. The aqueous dispersion was al-
lowed to stand for 24 hours. The aqueous dispersion
showed no phase separation and maintained uniform ap-
pearance, indicating very good dispersibility.

(Example 1-5)

[0236] An aqueous graphite oxide composite disper-
sion was prepared and allowed to stand for 24 hours as
in Example 1-4 except that the graphite oxide composite-
containing wet cake obtained in Example 1-2 was used.
The aqueous dispersion maintained uniform appear-

ance, indicating very good dispersibility.

(Example 1-6)

[0237] An aqueous graphite oxide composite disper-
sion was prepared and allowed to stand for 24 hours as
in Example 1-4 except that the graphite oxide composite-
containing wet cake obtained in Example 1-3 was used.
The aqueous dispersion maintained uniform appear-
ance, indicating very good dispersibility.

(Example 1-7)

[0238] A graphite oxide composite dispersion in γ-bu-
tyrolactone was prepared and allowed to stand for 24
hours as in Example 1-4 except that γ-butyrolactone was
used as a dispersion medium. The dispersion in γ-buty-
rolactone maintained uniform appearance, indicating
very good dispersibility.

(Example 1-8)

[0239] To the aqueous graphite oxide composite dis-
persion obtained in Example 1-4 was added water so
that the percentage of graphite was 0.66% by mass. The
contents were sonicated for 30 minutes using a desktop
ultrasonic bath (Bransonic (405 W) available from Bran-
son), so that a uniform aqueous graphite oxide composite
dispersion was obtained. To the aqueous graphite oxide
composite dispersion was added L-ascorbic acid (Wako
Pure Chemical Industries, Ltd.) as a reducing agent in
an amount of 7.5 mass equivalents per graphite. The
reaction was performed at 70°C for one hour for reduc-
tion. After the reaction, the reaction product was filtered
and washed with water until the filtrate showed neutral
when tested with pH paper. To the resulting graphite ox-
ide composite-containing wet cake (in an amount corre-
sponding to 1 g of the raw graphite) was added 100 g of
water. The contents were stirred and then sonicated for
30 minutes. Thus, an aqueous graphite oxide composite
dispersion was prepared. The aqueous dispersion was
allowed to stand for 24 hours. The dispersion showed no
phase separation and maintained uniform appearance,
indicating good dispersibility, but some aggregates were
produced. The graphite oxide composite obtained in Ex-
ample 1-8 was further washed to provide graphite oxide.
The graphite oxide was analyzed and found to have a
C/O ratio of 5.7.
[0240] The results of Examples 1-1 to 1-3 and Com-
parative Examples 1-1 and 1-2 demonstrated that good
purification efficiency was achieved by adding a nonionic
surfactant before purification. The results of Examples
1-4 to 1-8 demonstrated that the carbon material com-
posites (graphite oxide composites) obtained by any of
the above-described purification techniques were each
well dispersed in the respective dispersion media. The
method of producing a carbon material composite of the
present invention can simply produce a high-quality car-
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bon material composite at low cost. The resulting carbon
material composites (carbon material composites each
containing a nonionic surfactant and graphite oxide) can
be dispersed in a dispersion medium very well.

2. Examples according to the second aspect of the 
present invention

<Evaluation of purification efficiency>

(Example 2-1)

[0241] To the graphite oxide-containing aqueous dis-
persion (100 g) obtained in the synthesis example was
added 1-dodecylpyridinium chloride (Tokyo Chemical In-
dustry Co., Ltd.) in an amount of 0.75 mass equivalents
per raw graphite so that aggregates were produced. The
contents were stirred and then filtered. The filterability
was very good (the filtration was completed within 10
minutes). To the wet cake resulting from the filtration
(graphite oxide composite-containing wet cake) was add-
ed water, and then, they were filtered and washed with
water. The filterability was well maintained (the filtration
was completed within 10 minutes). The washing with wa-
ter was carried out twice, with good filterability being
maintained in both times.

(Example 2-2)

[0242] The filterability was examined as in Example
2-1 except that trimethylstearylammonium chloride (To-
kyo Chemical Industry Co., Ltd.) was used as a cationic
surfactant instead of 1-dodecylpyridinium chloride (To-
kyo Chemical Industry Co., Ltd.) used in an amount of
0.75 mass equivalents per raw graphite. The mass equiv-
alent of trimethylstearylammonium chloride was the
same as that of 1-dodecylpyridinium chloride. The filter-
ability was good.

(Example 2-3)

[0243] The filterability was examined as in Example
2-1 except that a 10% benzalkonium chloride solution
(Wako Pure Chemical Industries, Ltd.) was used in an
amount of 7.5 mass equivalents per raw graphite as a
cationic surfactant instead of 1-dodecylpyridinium chlo-
ride (Tokyo Chemical Industry Co., Ltd.) in an amount of
0.75 mass equivalents. The filterability was good.

(Example 2-4)

[0244] To the graphite oxide-containing aqueous dis-
persion (100 g) obtained in the synthesis example were
added SOFTANOL 120 (Nippon Shokubai Co., Ltd.) and
1-dodecylpyridinium chloride (Tokyo Chemical Industry
Co., Ltd.) in amounts of 0.45 mass equivalents and 0.30
mass equivalents per raw graphite, respectively, so that
aggregates were produced. The contents were stirred

and then filtered. The filterability was very good (the fil-
tration was completed within 10 minutes). To the wet cake
resulting from the filtration was added water, and then,
they were filtered and washed with water. The filterability
was well maintained (the filtration was completed within
10 minutes). The washing with water was carried out
twice, with good filterability being maintained in both
times.

(Example 2-5)

[0245] The filterability was examined as in Example
2-4 except that trimethylstearylammonium chloride (To-
kyo Chemical Industry Co., Ltd.) was used as a cationic
surfactant instead of 1-dodecylpyridinium chloride (To-
kyo Chemical Industry Co., Ltd.) used in an amount of
0.30 mass equivalents per raw graphite. The mass equiv-
alent of trimethylstearylammonium chloride was the
same as that of 1-dodecylpyridinium chloride. The filter-
ability was good.

(Example 2-6)

[0246] The filterability was examined as in Example
2-4 except that NEWCOL 85 (Nippon Nyukazai Co., Ltd.)
was used as a nonionic surfactant instead of SOFTANOL
120 (Nippon Shokubai Co., Ltd.) used in an amount of
0.45 mass equivalents per raw graphite. The mass equiv-
alent of NEWCOL 85 was the same as that of SOFTA-
NOL 120. The filterability was good.

(Comparative Example 2-1)

[0247] As an example without an aggregating agent,
the filterability was examined as in Example 2-1 except
that no cationic surfactant was added. The filterability
was very poor, the filter paper was clogged, and the fil-
tration was not achieved.

(Comparative Example 2-2)

[0248] As an example of using an anionic surfactant
instead of a cationic surfactant, the filterability was ex-
amined as in Example 2-1 except that sodium linear-do-
decylbenzenesulfonate (Wako Pure Chemical Indus-
tries, Ltd.) was used instead of 1-dodecylpyridinium chlo-
ride (Tokyo Chemical Industry Co., Ltd.) used in an
amount of 0.75 mass equivalents per raw graphite. The
mass equivalent of sodium linear-dodecylbenzenesul-
fonate was the same as that of 1-dodecylpyridinium chlo-
ride. The filterability was very poor, the filter paper was
clogged, and the filtration was not achieved.

<Dispersibility of graphite oxide composite>

(Example 2-7)

[0249] To the graphite oxide composite-containing wet
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cake (in an amount corresponding to 1 g of the raw graph-
ite) obtained in Example 2-1 was added 100 g of diace-
tone alcohol. The contents were stirred and then soni-
cated for 30 minutes. Thus, a graphite oxide composite
dispersion was prepared. The dispersion was allowed to
stand for 24 hours. The dispersion showed no phase sep-
aration and maintained uniform appearance, indicating
very good dispersibility.

(Example 2-8)

[0250] A dispersion was prepared and allowed to stand
for 24 hours as in Example 2-7 except that the graphite
oxide composite-containing wet cake obtained in Exam-
ple 2-2 was used instead the graphite oxide composite-
containing wet cake obtained in Example 2-1. The dis-
persion maintained uniform appearance, indicating very
good dispersibility.

(Example 2-9)

[0251] A dispersion was prepared and allowed to stand
for 24 hours as in Example 2-7 except that the graphite
oxide composite-containing wet cake obtained in Exam-
ple 2-3 was used instead the graphite oxide composite-
containing wet cake obtained in Example 2-1. The dis-
persion maintained uniform appearance, indicating very
good dispersibility.

(Example 2-10)

[0252] A dispersion was prepared and allowed to stand
for 24 hours as in Example 2-7 except that the graphite
oxide composite-containing wet cake obtained in Exam-
ple 2-4 was used instead the graphite oxide composite-
containing wet cake obtained in Example 2-1. The dis-
persion maintained uniform appearance, indicating very
good dispersibility.

(Example 2-11)

[0253] A dispersion was prepared and allowed to stand
for 24 hours as in Example 2-7 except that the graphite
oxide composite-containing wet cake obtained in Exam-
ple 2-5 was used instead the graphite oxide composite-
containing wet cake obtained in Example 2-1. The dis-
persion maintained uniform appearance, indicating very
good dispersibility.

(Example 2-12)

[0254] A dispersion was prepared and allowed to stand
for 24 hours as in Example 2-7 except that the graphite
oxide composite-containing wet cake obtained in Exam-
ple 2-6 was used instead the graphite oxide composite-
containing wet cake obtained in Example 2-1. The dis-
persion maintained uniform appearance, indicating very
good dispersibility.

(Example 2-13)

[0255] A dispersion was prepared and allowed to stand
for 24 hours as in Example 2-7 except that γ-butyrolac-
tone was used as a dispersion medium instead of diac-
etone alcohol. The dispersion maintained uniform ap-
pearance, indicating very good dispersibility.

(Example 2-14)

[0256] A dispersion was prepared and allowed to stand
for 24 hours as in Example 2-10 except that γ-butyrolac-
tone was used as a dispersion medium instead of diac-
etone alcohol. The dispersion maintained uniform ap-
pearance, indicating very good dispersibility.

(Example 2-15)

[0257] An aqueous graphite oxide composite disper-
sion was prepared and allowed to stand for 24 hours as
in Example 2-10 except that water was used as a disper-
sion medium instead of diacetone alcohol. The aqueous
dispersion maintained uniform appearance, indicating
very good dispersibility.

(Example 2-16)

[0258] A graphite oxide composite dispersion was pre-
pared and allowed to stand for 24 hours as in Example
2-10 except that propylene carbonate was used as a dis-
persion medium instead of diacetone alcohol. The dis-
persion maintained uniform appearance, indicating very
good dispersibility.

(Example 2-17)

[0259] The filterability was examined as in Example
2-1 except that Texnol L7 (Nippon Nyukazai Co., Ltd.)
was used instead of 1-dodecylpyridinium chloride (Tokyo
Chemical Industry Co., Ltd.). The mass equivalent of
Texnol L7 was the same as that of 1-dodecylpyridinium
chloride. The filterability was good.

(Example 2-18)

[0260] An aqueous graphite oxide composite disper-
sion was prepared and allowed to stand for 24 hours as
in Example 2-7 except that the graphite oxide composite-
containing wet cake obtained in Example 2-17 was used
instead the graphite oxide composite-containing wet
cake obtained in Example 2-1 and propylene carbonate
was used instead of diacetone alcohol. The dispersion
maintained uniform appearance, indicating very good
dispersibility.

(Example 2-19)

[0261] The dispersion obtained in Example 2-16 was
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diluted with the liquid epoxy resin jER828US (Mitsubishi
Chemical Corporation) ten times to obtain a dispersion.
The dispersion had very good dispersibility. Also, the cur-
ability of the subsequent molded body was not affected.
This indicates that the carbon material composite of the
present invention is well dispersed even in monomers.
[0262] The results of Examples 2-1 to 2-6 and 2-17
and Comparative Examples 2-1 and 2-2 demonstrated
that good purification efficiency was achieved by adding
at least a cationic surfactant before purification. The re-
sults of Examples 2-7 to 2-16, 2-18, and 2-19 demon-
strated that the carbon material composites (graphite ox-
ide composites) obtained by any of the above-described
purification techniques were each well dispersed in var-
ious organic dispersion media and resin-based disper-
sion media. In particular, the carbon material composite
containing a cationic surfactant, a nonionic surfactant,
and graphite oxide and the carbon material composite
containing graphite oxide and a cationic surfactant hav-
ing a cationizable group and a hydrophilic group with a
lower polarity than the cationizable group can be dis-
persed also in an aqueous dispersion medium very well.
The production method of the present invention can sim-
ply produce a high-quality carbon material composite at
low cost.

3. Examples according to the third aspect of the present 
invention

<Evaluation of purification efficiency>

(Example 3-1)

[0263] To the graphite oxide-containing aqueous dis-
persion (100 g) obtained in the synthesis example was
added lauryl betaine (Fujifilm Wako Pure Chemical Cor-
poration) in an amount of 0.75 mass equivalents per raw
graphite so that aggregates were produced. The contents
were stirred and then filtered. The filterability was very
good (the filtration was completed within 10 minutes). To
the wet cake resulting from the filtration was added water,
and then, they were filtered and washed with water. The
filterability was well maintained (the filtration was com-
pleted within 10 minutes). The washing with water was
carried out twice, with good filterability being maintained
in both times.

(Example 3-2)

[0264] The filterability was examined as in Example
3-1 except that lauryl dimethylamine oxide (Kao Corpo-
ration) was used as an amphoteric surfactant instead of
lauryl betaine (Fujifilm Wako Pure Chemical Corporation)
used in an amount of 0.75 mass equivalents per raw
graphite. The mass equivalent of lauryl dimethylamine
oxide was the same as that of lauryl betaine. The filter-
ability was good.

(Example 3-3)

[0265] The filterability was examined as in Example
3-1 except that lauryl sulphobetaine (Tokyo Chemical In-
dustry Co., Ltd.) was used as an amphoteric surfactant
instead of lauryl betaine (Fujifilm Wako Pure Chemical
Corporation) used in an amount of 0.75 mass equivalents
per raw graphite. The mass equivalent of lauryl sulpho-
betaine was the same as that of lauryl betaine. The fil-
terability was good.

(Example 3-4)

[0266] To the graphite oxide-containing aqueous dis-
persion (100 g) obtained in the synthesis example were
added SOFTANOL 120 (Nippon Shokubai Co., Ltd.) as
a nonionic surfactant and lauryl betaine (Fujifilm Wako
Pure Chemical Corporation) as an amphoteric surfactant
in amounts of 0.45 mass equivalents and 0.30 mass
equivalents per raw graphite, respectively, so that aggre-
gates were produced. The contents were stirred and then
filtered. The filterability was very good (the filtration was
completed within 10 minutes). To the wet cake resulting
from the filtration was added water, and then, they were
filtered and washed with water. The filterability was well
maintained (the filtration was completed within 10 min-
utes). The washing with water was carried out twice, with
good filterability being maintained in both times.

(Example 3-5)

[0267] To the graphite oxide-containing aqueous dis-
persion (100 g) obtained in the synthesis example were
added lauryl pyridinium chloride (Fujifilm Wako Pure
Chemical Corporation) as a cationic surfactant and lauryl
betaine (Fujifilm Wako Pure Chemical Corporation) as
an amphoteric surfactant in amounts of 0.45 mass equiv-
alents and 0.30 mass equivalents per raw graphite, re-
spectively, so that aggregates were produced. The con-
tents were stirred and then filtered. The filterability was
very good (the filtration was completed within 10 min-
utes). To the wet cake resulting from the filtration was
added water, and then, they were filtered and washed
with water. The filterability was well maintained (the fil-
tration was completed within 10 minutes). The washing
with water was carried out twice, with good filterability
being maintained in both times.

(Example 3-6)

[0268] To the graphite oxide-containing aqueous dis-
persion (100 g) obtained in the synthesis example were
added SOFTANOL 120 (Nippon Shokubai Co., Ltd.) as
a nonionic surfactant, lauryl pyridinium chloride (Fujifilm
Wako Pure Chemical Corporation) as a cationic sur-
factant, and lauryl betaine (Fujifilm Wako Pure Chemical
Corporation) as an amphoteric surfactant in amounts of
0.15 mass equivalents, 0.30 mass equivalents, and 0.30
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mass equivalents per raw graphite, respectively, so that
aggregates were produced. The contents were stirred
and then filtered. The filterability was very good (the fil-
tration was completed within 10 minutes). To the wet cake
resulting from the filtration was added water, and then,
they were filtered and washed with water. The filterability
was well maintained (the filtration was completed within
10 minutes). The washing with water was carried out
twice, with good filterability being maintained in both
times.

(Comparative Example 3-1)

[0269] As an example without an aggregating agent,
the filterability was examined as in Example 3-1 except
that no amphoteric surfactant (lauryl betaine) was added.
The filterability was very poor, the filter paper was
clogged, and the filtration was not achieved.

(Comparative Example 3-2)

[0270] As an example of using an anionic surfactant
instead of an amphoteric surfactant, the filterability was
examined as in Example 3-1 except that sodium linear-
dodecylbenzenesulfonate (Wako Pure Chemical Indus-
tries, Ltd.) was used instead of lauryl betaine (Fujifilm
Wako Pure Chemical Corporation) used in an amount of
0.75 mass equivalents per raw graphite. The mass equiv-
alent of sodium linear-dodecylbenzenesulfonate was the
same as that of lauryl betaine. The filterability was very
poor, the filter paper was clogged, and the filtration was
not achieved.

<Dispersibility of graphite oxide composite>

(Example 3-7)

[0271] To the graphite oxide composite-containing wet
cake (in an amount corresponding to 1 g of the raw graph-
ite) obtained in Example 3-1 was added 100 g of acetone.
The contents were stirred and then sonicated for 30 min-
utes. Thus, a graphite oxide composite dispersion in ac-
etone was prepared. The dispersion in acetone was al-
lowed to stand for 24 hours. The dispersion showed no
phase separation and maintained uniform appearance,
indicating very good dispersibility.

(Example 3-8)

[0272] A graphite oxide composite dispersion in ace-
tone was prepared and allowed to stand for 24 hours as
in Example 3-7 except that the graphite oxide composite-
containing wet cake obtained in Example 3-2 was used.
The dispersion in acetone maintained uniform appear-
ance, indicating very good dispersibility.

(Example 3-9)

[0273] A graphite oxide composite dispersion in ace-
tone was prepared and allowed to stand for 24 hours as
in Example 3-7 except that the graphite oxide composite-
containing wet cake obtained in Example 3-3 was used.
The dispersion in acetone maintained uniform appear-
ance, indicating very good dispersibility.

(Example 3-10)

[0274] A graphite oxide composite dispersion in 2-pro-
panol was prepared and allowed to stand for 24 hours
as in Example 3-9 except that 2-propanol was used as
a dispersion medium. The dispersion in 2-propanol main-
tained uniform appearance, indicating very good dispers-
ibility.

(Example 3-11)

[0275] A graphite oxide composite dispersion in meth-
anol was prepared and allowed to stand for 24 hours as
in Example 3-9 except that methanol was used as a dis-
persion medium. The dispersion in methanol maintained
uniform appearance, indicating good dispersibility.

(Example 3-12)

[0276] A graphite oxide composite dispersion in ace-
tone was prepared and allowed to stand for 24 hours as
in Example 3-7 except that the graphite oxide composite-
containing wet cake obtained in Example 3-4 was used.
The dispersion in acetone maintained uniform appear-
ance, indicating very good dispersibility.

(Example 3-13)

[0277] A graphite oxide composite dispersion in meth-
anol was prepared and allowed to stand for 24 hours as
in Example 3-12 except that methanol was used as a
dispersion medium. The dispersion in methanol main-
tained uniform appearance, indicating very good dispers-
ibility. Further, the dispersion in methanol had better dis-
persibility than that in Example 3-11 in which an ampho-
teric surfactant was used as a single surfactant.

(Example 3-14)

[0278] A graphite oxide composite dispersion in ace-
tone was prepared and allowed to stand for 24 hours as
in Example 3-7 except that the graphite oxide composite-
containing wet cake obtained in Example 3-5 was used.
The dispersion in acetone maintained uniform appear-
ance, indicating very good dispersibility.

(Example 3-15)

[0279] A graphite oxide composite dispersion in 1-hex-
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anol was prepared and allowed to stand for 24 hours as
in Example 3-14 except that 1-hexanol was used as a
dispersion medium. The dispersion in 1-hexanol main-
tained uniform appearance, indicating very good dispers-
ibility.

(Example 3-16)

[0280] A graphite oxide composite dispersion in ace-
tone was prepared and allowed to stand for 24 hours as
in Example 3-7 except that the graphite oxide composite-
containing wet cake obtained in Example 3-6 was used.
The dispersion in acetone maintained uniform appear-
ance, indicating very good dispersibility.

(Example 3-17)

[0281] A graphite oxide composite dispersion in 1-hex-
anol was prepared and allowed to stand for 24 hours as
in Example 3-16 except that 1-hexanol was used as a
dispersion medium. The dispersion in 1-hexanol main-
tained uniform appearance, indicating very good dispers-
ibility.

(Example 3-18)

[0282] A graphite oxide composite dispersion in ethyl
acetate was prepared and allowed to stand for 24 hours
as in Example 3-16 except that ethyl acetate was used
as a dispersion medium. The dispersion in ethyl acetate
maintained uniform appearance, indicating very good
dispersibility.

(Examples 3-19 to 3-28)

[0283] An amount of 10 parts of the dispersion ob-
tained in Example 3-8 was mixed with 90 parts of each
of the following monomers: the liquid epoxy resin
jER828US (Example 3-19), acid anhydride KAYAHA-
RED MCD for curing epoxy resin available from Nippon
Kayaku Co., Ltd. (Example 3-20), acrylic acid (Example
3-21), butyl acrylate (Example 3-22), 2-ethylhexyl acr-
ylate (Example 3-23), methacrylic acid (Example 3-24),
methyl methacrylate (Example 3-25), cyclohexyl meth-
acrylate (Example 3-26), vinyl acetate (Example 3-27),
and styrene (Example 3-28). Thus, dispersions each
mainly containing the selected monomer as a dispersion
medium were prepared. Each of the resulting dispersions
had very good dispersibility, and no aggregates were pro-
duced. Further, the curability of the subsequent molded
body was not affected.
[0284] This demonstrates that the carbon material
composite of the present invention is well dispersed also
in resin-based dispersion media without aggregation.
[0285] The results of Examples 3-1 to 3-6 and Com-
parative Examples 3-1 and 3-2 demonstrated that good
purification efficiency was achieved by adding an am-
photeric surfactant before purification. The results of Ex-

amples 3-7 to 3-28 demonstrated that the carbon material
composites (graphite oxide composites) obtained by any
of the above-described purification techniques were
each well dispersed in various dispersion media. The
method of producing a carbon material composite of the
present invention can simply produce a high-quality car-
bon material composite at low cost. The carbon material
composite of the present invention can be dispersed in
various solvents by altering surfactants. Thus, carbon
material composite dispersions in various solvents can
be obtained.

Claims

1. A method of producing a carbon material composite
containing graphite oxide and at least one surfactant
selected from the group consisting of a nonionic sur-
factant, a cationic surfactant, and an amphoteric sur-
factant, the method comprising:

oxidizing graphite;
mixing an aqueous dispersion obtained through
the oxidizing, the aqueous dispersion containing
graphite oxide dispersed therein, and the at least
one surfactant selected from the group consist-
ing of a nonionic surfactant, a cationic sur-
factant, and an amphoteric surfactant; and
purifying the carbon material composite.

2. The method of producing a carbon material compos-
ite according to claim 1,
wherein the purifying includes purifying the carbon
material composite by at least one technique select-
ed from the group consisting of filtration, decantation,
centrifugation, and solvent extraction.

3. The method of producing a carbon material compos-
ite according to claim 1 or 2,
wherein the mixing includes mixing the aqueous dis-
persion, the cationic surfactant, and the nonionic sur-
factant or mixing the aqueous dispersion, the am-
photeric surfactant, and the nonionic surfactant
and/or the cationic surfactant.

4. The method of producing a carbon material compos-
ite according to any one of claims 1 to 3, further com-
prising exfoliating into layers the graphite oxide in
the carbon material composite purified in the purify-
ing.

5. The method of producing a carbon material compos-
ite according to any one of claims 1 to 4,
wherein the aqueous dispersion contains sulfate
ions in an amount of 1% by mass or more relative to
100% by mass of the aqueous dispersion.

6. A carbon material composite comprising graphite ox-
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ide,
the carbon material composite further comprising a
nonionic surfactant and the graphite oxide having a
ratio of the number of carbon atoms to the number
of oxygen atoms (C/O) of 5.5 or lower; or
the carbon material composite further comprising a
nonionic surfactant and a cationic surfactant, or fur-
ther comprising a nonionic surfactant and/or a cati-
onic surfactant and an amphoteric surfactant.

7. A dispersion comprising the carbon material com-
posite according to claim 6 dispersed in a dispersion
medium.

8. A method of producing graphite oxide comprising:

oxidizing graphite;
mixing an aqueous dispersion obtained through
the oxidizing, the aqueous dispersion containing
graphite oxide dispersed therein, and at least
one surfactant selected from the group consist-
ing of a nonionic surfactant, a cationic sur-
factant, and an amphoteric surfactant; and
purifying the graphite oxide.

9. The method of producing graphite oxide according
to claim 8,
wherein the purifying the graphite oxide is performed
by at least one technique selected from the group
consisting of filtration, decantation, centrifugation,
and solvent extraction.
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